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The classic 
no enthusiast should 
be without. 


A classic truck? Well, sure. 

The pickup is a classic of sorts, with over five decades of service to 
mankind to its credit. But the GMC S-15 4X4 Pickup is a classic departure 
from trucks as they are commonly perceived. 

Its rakish looks and sophisticated comforts allow this GMC truck to do virtually 
anything a car can do. And its Insta-Trac four-wheel drive, double-wall cargo 
box and optional V-6 engine allow our pickup to do a lot of 
things a car could never do. 

The GMC S-15 4X4 Pickup. If you're into fine cars, it's time you 
discovered fine trucks. Buckle yourself into one soon at your nearby 
GMC Truck dealer. And please help preserve America's natural 
beauty whenever you're out four-wheeling. 
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A SPAISA SPA IS A SPA? 


A CONSUMER 
GUIDE 


If you've been considering a spa or hot tub 
you're probably already aware of the benefits 
and pleasures of whirlpool massage. However, 
not all spas and hot tubs are alike. The true test 
of any spa is whether it can provide these 
pleasures conveniently and efficiently. Wed 
like you to know what to look for when 
shopping for a spa and show you why the 
engineers who designed the HOT SPRING SPA 
have produced the best one available today. 

1. MATERIALS AND CONSTRUCTION. 
The HOT SPRING SPA is made of the most 
advanced and durable material of any spa— 
ROVEL* This high-impact plastic is superior to 
wood of old fashioned hot tubs because it 
doesn't absorb water, leak or deteriorate. 
Unlike fiberglass or acrylic surfaces, ROVEL 
won't peel, blister, crack or delaminate. Check 
the warranties of other spas and you'll see that 
ROVEL is guaranteed to be much more durable 
than any other spa material. In fact, a recent 
industry trend has seen many acrylic manufac- 
turers reduce surface warranties to just one 
year! ROVEL is softly textured so you won't slip 
when entering or exiting the spa. 

2. CONVENIENCE AND EFFICIENCY. 
Most spas and hot tubs have very little thermal 
insulation, some have none at all! Just how 
important is insulation? It's the most important 
feature in private spa ownership! Uninsulated 
spas will physically not operate outdoors in 
colder climates, making spa use as seasonal as 
aswimming pool. Further, a marginally insu- 
lated spa forces the heater to run continuously, 
costing you money. The HOT SPRING SPA is. 
FILLED SOLID with over 130 Ibs. of poly- 
urethane foam insulation (A) and standard 
equipment includes a 3%” thick insulating 
cover (B). This heavy insulation makes it eco- 
nomical to keep the HOT SPRING SPA heated 
to your desired temperature 24 hours a day, 
regardless of location. You can use your HOT 
SPRING SPA at any time day or night, in any 
weather, and for just pennies. 

3. TEMPERATURE. 

Precise temperature control is important. A spa 
should control temperatures within + 1°F. or 
you'll forever be too hot or too cold as the 
water changes temperature. The HOT SPRING 
SPA achieves this accuracy by using a "precise 
demand" thermostat with its sensor in intimate 
contact with the water (C). 

4. HYDROTHERAPY JETS. 

Vigorous jet action is the key to true hydro- 
therapy. Only the HOT SPRING SPA gives you 
the option of powerful fixed jets (22 psi at each 
jet (D), and the unique massaging effects of 
MOTO-MASSAGE* The exclusive MOTO- 
MASSAGE (U.S. Patent $4,523,340) glides 
gently up and then down the entire length of 
your back in a continuous sweeping motion 
that simulates the natural stroking of a manual 
massage (E). In addition, we provide an air 
control which can be reached from inside the 
Spa so you can vary the intensity of the jets (F). 
These features combined with the STA-RITE 
Max-E-Glas pump provide the best hydro- 
therapy available today (G). 


5. WATER CHEMISTRY AND 
FILTRATION. 
Most portable spas contain less than 180 gal- 
lons of water. It is difficult to maintain proper 
chemistry in such a small body of water. There- 
fore it is necessary to drain them more 
frequently than the HOT SPRING SPA which 
contains 275 gallons. Good filtration is essen- 
tial in any spa, but in other portables, it has 
been overlooked. The HOT SPRING SPA has 
the largest capacity filter of any portable spa— 
50 square feet (H). It requires attention only 2 
or 3 times a year. Its top-loading design allows 
you to inspect, remove, and clean it without 
draining the spa. 
6. LIGHT FOR NIGHTTIME USE. 
Another feature of the HOT SPRING SPA is the 
underwater light (I). It's dimmer controlled so 
it's never too bright or too dim, and different 
colored bulbs can be used for different effects. 
7. NO INSTALLATION. 
Simplicity of installation should be checked. 
An in-ground spa is the most difficult, usually 
requiring backyard excavation, building per- 
mits and an expensive installation crew. Hot 
tubs are not much simpler. The HOT SPRING 
SPA avoids these problems by requiring only 
common household current to operate (110v. 
20amp.) (J). There is no permanent hard wire 
electrical hook-up, no external plumbing to 
assemble, and no building permits to obtain. As 
a portable appliance, the HOT SPRING SPA 
will not increase your property taxes and you 
can take it with you when you move. 
8. LISTED BY UNDERWRITERS 
LABORATORIES. 
The HOT SPRING SPA is completely listed by 
Underwriters Laboratories, the recognized 
experts in testing for safety. The importance of 


correct and safe electrical design should not be 
overlooked. Check for the U.L. Mark on the 
outside of any spa you're considering — you'll 
see iton the HOT SPRING SPA. 

We are proud of the quality features we build 
into every HOT SPRING SPA. The HOT 
SPRING SPA is an integrated design whose 
form follows function —the result of 9 years of 
evolution toward an ideal. So, before you buy 
any spa, be sure to see and test the HOT 
SPRING SPA. It has the features, performance, 
and quality you need. 


America's Favorite 
Portable Spa 


Five models to choose from. Dealers nation- 
wide. For a complete catalog and a dealer 
nearest you, please call: 800/243-9851. In 
California, call collect 619/438-3334, 


Watkins Manufacturing Corporation, 
Carlsbad, California 
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When the Big Q flows, America goes. 


y I've helped Dad take care of 
the old convertible ever since it 
was new. Always with Quaker 
State. I learned early about 
Quaker State's uni 
formula—it starts with 
Pennsylvania Grade Crude. 
About its stable vi ; and 
its smooth flowing, steady 
protection. I had a good ` 
teacher. Thanks, Dad. 


Quaker State. 
The Big Q stands for quality. 
Always has. Always will. 


This One 
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Readers Talk Back 


Address letters for this column to: Readers Talk Back, Poputaa Science, 
380 Madison Ave., New York, N.Y. 10017. Because of the large 
volume of mail, we are unable to acknowledge unpublished letters. 


Around the world? 


Whatever happened to Dick Rutan’s 
round-the-world flight (“Around the 
World Without Refueling? Rutan's Ul- 
timate Flyer,” Sept. '84]? 

Mario Q. Vilella, Rio Piedras, PR. 


Dick Rutan replies: “The avionics and 
the new engines have been installed. 


M Last °| 
FUEL STOP 
UNTIL GUAM | 


We've been flight-testing the plane for 
the first time in a year, and we're in 
the final phase. I can't say when the 
Voyager will be ready to go, but we 
plan to try for the world fixed-course 
distance record before we get to the 
round-the-world record." 


Radon—just a scare? 


“Radon Exclusive—How Dangerous" 
(Nov. '85] said that the government is 
generally geared to cleaning up man- 
made, not natural, hazards. But 
Canonsburg, a small town in western 
Pennsylvania, is the site of a Depart- 
ment of Energy radon-gas cleanup 
that's costing millions of dollars. 

Also, your article discusses the po- 
tential health problems of radon ex- 
posure. I suggest that you check the 
cancer statistics of people living near 
or in a radon site—you'll find them 
surprisingly inconclusive. 

Thomas P. Haynes, Potsdam, N.Y. 


V. Elaine Gilmore replies: "Canonsburg 
is an unusual situation—the contami- 
nation was caused by a scientist bring- 
ing uranium home for experiments. The 
radiation stems from human folly, not 
natural causes. 

"The only study of cancer and radon 
has been done by Dr. Bernard Cohen. 


He has found very little correlation be- 
tween cancer and radon exposure—so 
far. Cohen, however, warns that his re- 
sults are preliminary. Until they be- 
come conclusive, public health officials 
will continue to act upon the consen- 
sus: Radon is the second-leading cause 
of lung cancer.” 


Sleek, cheap printer stand 


Those who read "Kill the Clutter: 
Build This Computer Printer Stand" 
[Nov. '85] might be interested in the 
printer stand I assembled for about 
$13 [see drawing]. 

To build the stand you'll need a 
three-foot-long prefinished veneered 
shelf (the kind that's available at most 
home-improvement centers), a ‘%-inch 
wood dowel nine inches long, and four 
self-adhesive rubber bumpers. 

Begin construction by making two 
45-degree cuts through the shelf 16 
inches from each end. Use a table saw 
with a finishing blade for the best 
cuts. The three pieces will form the 
stand's top, bottom, and one side. 

For the dowels, which will form the 
other side, drill four %-inch holes 
Y-inch deep. Then glue up the 


12"x 36" VENGER SHELF 


LXX 4 be 


45° CUTS. 


Wg DIA. HOLES 


a EEP 
SELF-ADHESIVE (Z'oP/BoTTOM) 


RUBBER BUMPERS (4) Ò 
stand—I used frame-miter clamps to 
keep the joints in place—and secure 
the boards with small finishing nails. 
When the glue dries, add the rubber 
bumpers. For a finished look, stain the 
dowels to match the veneer. 

Terry Foster, Vestal, N.Y. 


Digital radio 
What would have to happen techno- 


logically for radio or television stations 
Continued 
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From the minds of MASTERVOICE. 
Introducing Butler - In - A - Box. The 
worlds first environmental control sys- 
tem that responds to voice commands. 
The first with A.LR. (Artificial Intelli- 
gent Recognizer); a futuristic software 
program which makes it a reality. 


Replace pushbutton control 
with voice activated magic! 
Butler-In-A-Box replaces old-fashioned 
pushbutton control systems making 
them obsolete. At the sound of your 
voice, he carries out your tasks. All you 
have to do is ASK! From the comfort of 
your favorite easy chair, up to twenty 
feet away. 


Control all of your electronic 
devices at the sound of 

your voice. 

Butler-In-A-Box puts all of your elec- 
tronic devices, high tech or not, under 
your voice control. He will dial your 
phone and answer incoming calls with- 
out ever touching him. He turns your TV, 
stereo, heating systems and other elec- 
tronic devices on and off, even dims 
lights. All of this instantly or at the pre- 
determined times you desire. 


Computerized protection 
against intruders. 

Butler-In-A-Box has a unique, built-in 
infrared sensorand intrusion detection 
system that guards your home andalerts 
you to uninvited guests. When he de- 
tects intruders, he will speak, and ask 
them to identify themselves. Only you 
can verbally command him to turn off 
his intrusion detection system, because 
he is trained to recognize only your 
voice. He is also capable of interfacing 
with your existing home security sys- 
tem, soit canbe activated by your voi 


Speaks and understands any 
language. 

Your Butler-In-A-Box is smart enough to 
call you by name and answer "intelli- 
gently" with a variety of random re 
sponses — in any language you wish! 
Even with an accent. 


Easy to install and use. 

Your Butler has been designed with you 
in mind.He'ssosimpleto install and use 
you won't believe it. Complete with in- 
structional audio cassette and easy to 
follow written instructions. And, no 
special wiring of your home isrequired. 


et 
er! 


Experience the technology of tomor- 
row, today! Put Butler-In-A-Box to work 
for you. Only $1,195. 


Order direct or send for our free bro- 
chure by just lifting a finger, (possibly 
for the last time), and dialing our toll- 
free hot-line: 1-800-O-BUTLER. (In 
California) 1-(714) 952-7056. Or write: 
Future Systems Marketing 


5067 Cumberland Drive 
A 90630. 


Cypres 


VESTRE 


Future Systems Marketing — Tomorrows dreams, today's reality. 


© 1985 Mastervoice, Ltd. 


Readers Talk Back c 


to broadcast in digital? It would be 
nice to have AM stations broadcast in 
compact-disc quality. 

Mike Beene, Dallas, Texas 


William J. Hawkins replies: "Digital 
broadcasts require two main compo- 
nents: an analog-to-digital converter 
at the broadcast station and a digital- 
to-analog converter at your radio. The 
first converter changes audio signals 
to digital for transmission; the second 
converter changes them back to ana- 
log for reproduction in a radio. The 
technology is available and has been 
used in tests for sending computer pro- 
grams to users via radio. However, 
there may be some problems. Among 
them: For commercial use,all broad- 
casters and radio manufacturers must 
agree on a standard system—and they 
must be willing to pay for the cost of. 
the converters." 


Satellite TVs and snow 


How well do those new satellite an- 
tennas [Dec. '85] work with two or 
three feet of snow on them? And who 
wants to go out in deep snow to switch 
satellites by manually changing an 
antenna's position? There are plenty 
of notherners who like their antennas 
big and capable of motorized satellite 
tracking. 

Harry C. Wiersdorfer, Hamburg, N.Y. 


Susan Renner-Smith replies: "Those 
living in the colder, snowy climes aren't 
necessarily left out of the latest im- 
provements in satellite antennas. The 
further north you go, the shallower the 
angle the dish must make with the ho- 
rizon. It depends on the satellite, of 
course, but in many areas of New York 
state, for example, the angle wouldn't 
exceed 40 degrees. (If you look at the 
angles of the antennas on the Decem- 
ber cover, you'll see that they're all at 
a fairly shallow angle). That means a 
dish won't necessarily double as a snow 
catcher." 


Smart lights and washers 


“Now Power and Logic on One IC: The 
Control Revolution" |Nov. '85] gave the 
impression that with the proper inte- 
grated-circuit chip, a fluorescent light- 
ing fixture could give more lighting 
(lumens) per hour than what the tube 
is rated at. How does that work—does 
the chip increase the life of the tube 
and ballast? Are chips available that 
can be connected to existing fixtures 
(mine are Circline fluorescents)? 
Ivan N. LeClair 
Needham Heights, Mass. 


H 


You say that many engineers would 
find a five-gallon ultrasonic washing 
machine prohibitive. Why? 

Mark Wenter, Linwood, N.J. 


John Free replies: "The article cited 
an earlier PS article [“Computerized 
Ballasts Cut Fluorescent-Lighting 
Costs," July 81] that may hold the an- 
swers to LeClair's questions. The lat- 
ter describes an operating principle for 
controlling lights, although the circuits 
are not integrated on a chip. At that 
time, Thomas Industries of Louisville, 
Ky., claimed its computerized ballast 
had 50 percent more capacity than con- 
ventional types. Its tests showed that 
a computerized ballast supplying three 
lamps required 20 percent less power 
than the two ballasts required for a 
standard three-lamp fixture. A vari- 
ety of firms now market electronic bal- 
lasts; anyone interested should contact 
local dealers. 

“In answer to Wenter's washer ques- 
tion: The number or size of ultrasonic 
transducers needed to agitate that 
much water might make the washer 
too costly" 


Noble stone 


It's always a pleasure to see a new, 
creative use of a noble material 
["Marble Tile Goes DIY,” Nov. '85], and 
I congratulate Alan Shute for his in- 
novative marble installation kit. But 
I'm a little concerned about the ade- 
quacy of support that five small pads 
of Ultrabond, his specially developed 
adhesive, will supply a six-inch-square 
marble tile. As you know, if marble 
isn't properly bedded, it can break 
when something-lands on it. I'm also 
curious to know how adhesive Ultra- 
bond remains in exceptionally dry cli- 

mates like the Southwest. 
Robert Hund, Managing Director 
Marble Institute of America, Inc. 
Farmington, Mich. 


Susan Renner-Smith replies: "It may 
be too early to judge Ultrabond's per- 
formance in exceptionally dry climates. 
But nine months ago, I installed mar- 
ble tiles on my bar top—which gets 
considerable traffic—and my kitchen 
counter. No tiles have been damaged, 
and they still look great." 


Corrections: Photos 4 and 5 in “Fast- 
est Bicycle in the World” [Feb.] were 
incorrectly labeled. The numbers iden- 
tifying those two photos should have 
been transposed. 

The Sidekick program for Macintosh 
computers is $85, not $45 as listed in 
“Electronics Newsfront” [Jan.]. 3) 
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SOME HISTORIC BREAKTHROUGHS 


DON'T TAKE AS MUCH EXPLAINING 
AS COMPUSERVE. 


But then, some historic break- 
throughs could only take you from 
the cave to the tar pits and back 


CompuServe, on the other hand, 
makes a considerably more civilized 
contribution to life. 

It turns the personal computer into 
something useful. 

CompuServe is an information ser- 
vice. Just subscribe, and 24 hours a day, 
7 days a week, a universe of information, 
entertainment and communications is 
at your service. 


A few of the hundreds of things you 
can do with CompuServe: 


COMMUNICATE 
Easyplex™ Electronic Mail puts friends, 
relatives and business associates in con- 
stant, convenient touch. 

CB Simulator lets thousands of enthusi- 
astic subscribers “chatter away” on 72 
different channels. 

Over 100 Forums welcome you to join 
their online “discussions.” They're for 
everyone from computer owners and 
gourmet cooks to physicians and game 
players. 

Bulletin Boards let you “post” messages 
where thousands will see them. 


HAVE FUN 
Our full of games includes “You 
Guessed It!,” the first online TV-style 
game show played for real prizes; Mega- 
Wars III, the ultimate in interactive 
excitement; board; parlor; sports and 
educational games. 


SHOP 
THE ELECTRONIC MALL™ gives you 
‘round the clock shopping for name 
brand goods and services at discount 
prices from nationally known stores and 
businesses. 


SAVE ON TRIPS 
TWA Travelshopper™ lets you scan 
schedules and fares, find the best bar- 
gains and order tickets online. 
Ato Z Travel/News Service provides 
latest travel news plus complete informa- 
tion on over 20,000 hotels worldwide. 


MAKE PHI BETA KAPPA 
Grolier's Academic American 
Encyclopedia's Electronic Edition 
is a complete, constantly updated 
general reference encyclopedia. 

The College Board, operated by the 
College Entrance Examination Board, 
helps you prepare for the SAT, choose 
a college and get financial aid. 


BE INFORMED 
The AP News Wire (covering all 50 
states and the nation), the Washington 
Post, USA TODAY Update and business 
and trade publications are constantly 
available. And our electronic clipping 
service lets us find, clip and file specific 
news for reading at your convenience. 


INVEST WISELY 
Comprehensive Investment Help 
includes complete statistics on over 
10,000 NYSE, AMEX and OTC securities. 
Historic trading statistics on over 50,000 
stocks, bonds, funds, issues and options. 
Five years of daily commodity quotes. 
Standard & Poor's. Value Line. And over 
a dozen other investment tools. 

Site II provides demographic and sales 
potential information by state, county 
and zip code for the entire country. 


And now for the pleasant surprise. 
Although CompuServe makes the 
most of any computer, it's a remarkable 
value. You get low start-up costs, low 
usage charges and local-phone-call 
access in most major metropolitan areas. 


EasyPlex and ELECTRONIC MALL are trademarks of CompuServe, Incorporated Travelshopper is a service mark of TWA. 


Here's how to use CompuServe. 

CompuServe is “menu-driven,” so 
beginners can simply read the lists of 
options on their screens and then type 
in their selections. 

Experts can just type in "GO" followed 
by the abbreviation for whatever topic 
they're after. 

In case of confusion, typing "H" for 
help brings immediate instructions. 

And you can ask general questions 
either online through our free Feedback 
service or by phoning our Customer 
Service Department. 


How to subscribe. 

To access CompuServe, you'll need a 
CompuServe Subscription Kit; a com- 
puter, terminal or communicating word 
processor; a modem and in some cases, 
easy-to-use communications software. 

With your Subscription Kit, you'll 
receive a $25 usage credit, a complete 
hardcover Users Guide, your own 
exclusive user ID number and prelim- 
inary password, and a subscription to 
CompusServe's monthly magazine, 
Online Today. 

Subscription Kits are available in 
computer stores, electronic equipment 
outlets, retail stores and catalogs. You 
can also subscribe with materials you'll 
find packed right in with many com- 
puters and modems sold today. 


Make a move of historic proportions. 
Subscribe to CompuServe today. 


To receive our free informative bro- 
chure or to order direct, call or write: 


CompuServe’ 


Information Services 

PO. Box 20212, 5000 Arlington Centre Blvd. 
Columbus, OH 43220 
800-848-8199 


In Ohio, call 614-457-0802 
An H & R Bock Company 


BDP PLUS 90° 
GAS FURNACE 


Cut your heating dramatically with 
cient Plus 90 gas fur- 

Yer warm and 

nique heat exchangers 

year limited warranties) 

every Btu of gas. 

90 models 

efficient, you'll 

ting season 

Urnaces. | 

the quietest, most reli- 

s ever built. And that's 

t because we build more fur- 

naces than anyone. The Plus 90 is easily 


affordable too. Contact f bryant Ý 
your Bryant, Day * 
Night or Payne dealer to 
see just how affordable. 


CALL 800-GET-WARM or send the postage-paid reply card fo 


rite way toheat 


Year after year, in survey after survey, gas heat is the Number One 
choice of Americas homeowners. Nothing else matches the comfort, 
»fficiency, cleanliness and dependability of gas. And, today's new generation 
of advanced gas heating systems allows you to enjoy a houseful of 

warmth from very little gas—making gas heat an even better buy. 


CARRIER WEATHERMAKER* 
GAS FURNACE 


Keep comfort up and heating costs 
down with a Weathermaker gas furnace. 
Advanced, silence-sealed burner system 
delivers unbeatable fuel efficiency. Carrier 
super-streamlined heat exchanger cuts 
electric bills, too. 

The 20-year limited heat exchanger 
warranty says it: the Weathermaker is 
built with the quality and dependability 
you expect from Carrier 

See your Carrier dealer for the 
Weathermaker model that's right for your 
home. Get ultra-high efficiency, whisper- 
quiet performance and space-saving 
design. Very affordable. 


® 


ore information. 


LENNOX PULSE” 
GAS FURNACE 


The unique Lennox Pulse is a break- 
through in furnace technology. It uses 
"Pulse" combustion to turn gas into heat 
with practically no waste. The result? You 
enjoy total comfort while cutting your 
fuel use almost in half. 

Whatever type of furnace you have 
Now, you can replace it with an energy- 
saving Pulse. It's so reliable, the heating 
assembly has a 20-year limited warranty. 
And the Pulse has earned the Good 
Housekeeping Seal 

Hundreds of thousands of home- 
owners are enjoying big savings with 
the Pulse. So can you. Just see your 


independent Lennox 7 FATAL PAY 


dealer 


Ow 
7 Good Housekeeping - 


TRANE XL 90 
GAS FURNACE 


Trane's newest high-efficiency gas furnace 
can significantly reduce your home's fuel 
consumption. The XL 90 delivers a 
houseful of comfort from less gas thanks 
to its specially designed 29-4C Stain- 
less Steel Coil that captures the heat older 
style furnaces lose up the flue 

There's an XL 90 model to match 
your home's heating needs. It's easy to 
install and backed by a 20-year limited 
warranty. 

Your Trane dealer can show you 
how much you can save—and how quick 
the payback—with this superb fuel 
economizer 


= 
Å= 


Gas. America’s best energy value. 


© 1986 American Gas Association 


Science Newsfront 


By ARTHUR FISHER 


The anatomy lesson 


The skull on the screen above is being 
studied as intensely as Yorick's—by 
a British medical student. It's part of 
a new interactive system based on 
videodisc technology that allows the 
practitioner-to-be to reinforce the 
anatomy study traditionally carried 
out in the dissection room. Called the 


r 


Anatomy Project, the system lets the 
user cover specific areas at many lev- 
els of detail, and zoom in on or pan 
around an image. A video paint box 
can be used to delineate different tis- 
sues, highlight systems such as nerve 
pathways or the blood supply to spe- 
cific organs, and even simulate the 
progression of disease. The two Brit- 
ish companies that developed the sys- 


| tem, Micro Scope and Odeon Projects, 


estimate that it will take about two 
years to complete the full set of 20 
videodiscs for the whole body. 


Shell game 


Isaiah's prophecy, "They shall beat 
their swords into plowshares," has 
rarely been fulfilled in the 2,700 or 
so years since he proclaimed it. One 
striking version is, however, taking 
place, as pictured in the pair of pho- 
tos below. In a venture aptly dubbed 
“Project Plowshare," Benthos, Inc., of 
North Falmouth, Mass., is converting 
16-inch naval gun shells into pressure 
vessels. The shells, manufactured in 
1968 for use aboard the battleship 
New Jersey during the conflict in 
Vietnam, are made of chromium-man- 
ganese steel. Benthos acquired the 
surplus shells and is turning them 
| into vessels capable of withstanding 
| the high pressures encountered in var- 
ious scientific and industrial enter- 
prises, from powder metallurgy to 
oceanography. 


Very worrying beads 


A company specializing in anti-eaves- 
dropping and other security systems, 
CCS Communication Control, reports 
what may be a new low (high?) in the 
world of bugging and counterbugging. 
A Saudi businessman came to them 
| complaining of serious security leaks 
he couldn't account for. Eventually, 
CCSexperts examined his worry beads 
—ubiquitous in the Middle East. The 
largest bead contained an ultra- 
miniature radio transmitter, complete 
with microphone and battery. Thus the 
gentleman's private conversations 
could be monitored up to ¥2 mile away. 


Video-display choices 


Does the color of the letters on a video- 
display-terminal (VDT) screen make 
any difference to a user's comfort and 
efficiency? What about room lighting? 

I was surprised to learn that pre- 
liminary results of a study designed 
to answer these questions indicate 
that neither has any meaningful ef- 

| fect. Vision researchers at the Univer- 
sity of California, Berkeley, observed 
35 persons working at VDTs that used 
either green, amber, or white letters 
on a dark background, and tested each 
type of machine under incandescent, 
regular fluorescent, and high-frequen- 
cy fluorescent light. The investigators 
found that VDT users' performance 
| improved by a mere one percent— 
| judged insignificant —when reading 
Continued 
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Motorcraft races the toughest courses : 
to get into your garage. 


High-performance racing cars that generate about 600 horsepower demand tough. quality 
parts. So does your car. And Motorcraft spark plugs, filters, batteries and motor oil deliver top 
performance, out on the race course or on the highway. Because the technology used to 
develop Motorcraft racing parts is the same technology used to develop Motorcraft quality 
parts for your car or truck. 

Motorcraft quality parts have been installed as original equipment in more than 35 million 
Ford, Mercury and Lincoln cars and Ford trucks and are engineered to meet the needs of all 
vehicle manufacturers. So no matter what kind of car or truck you own, there's only one logical 
Choice. Motorcraft, of course—so you know you're getting reliable original equipment quality 
replacement parts. Race-proven parts. Trustworthy parts. Motorcraft from Ford. Quality parts 


for all makes of cars and trucks. 


Buckle up-together we can save lives. 


EXCEEDS THE NEED 


SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


» "Kings 8 mg "tar; 0.5 mg nicotine 
av. per cigarette, FIC Report Feb '85 


Science Newsfront ca 


green letters under incandescent light, 
compared with any other combination 
of letter color and ambient lighting. 


Norsk wave power 


The imposing structure in the photo 
above is a recently installed wave- 
power device at Toftestallen, near 
Bergen, Norway—the first such proj- 
ect in that country. Built by Kvaerner 
Brug A/S and Norwave A/S, the de- 


vice represents the culmination of 


more than 10 years of research and 
development. Its basic operating prin- 
ciple is simple: Crashing waves at the 
base compress air and force it into the 
vertical tower, where the air spins a 
specially designed turbine called the 
Pantor. The whirling turbine, in turn, 
spins an electric generator, and cur- 


rent flows into the grid of the Nord- 
Hordaland power board. The wave- 
power station is expected to generate 
1.8 gigawatt-hours of energy per year. 

Why should Norway, a country 
blessed with enough hydro power to 
fulfill 100 percent of its needs, invest 
in wave power? Because the most ef- 
ficient and economical hydro schemes 
have already been developed. There- 
fore, as energy needs expand, open- 
ing new hydro projects will become 
ever more expensive. Wave power, on 
the other hand, should become com- 
petitive within 10 years. 


Supercomputing king? 


Who's ahead in the race to be firstest 
with the mostest in the world of super- 
computing? Los Alamos National Lab- 


oratory claims the crown, at least for 
the time being, because of its recent 
acquisition of two CRAY X-MP/48s, 
commonly held to be reigning champs 
of the superheavyweight division. The 
machines can handle 780 million arith- 
metic operations per second; their 
memories can store some eight mil- 
lion words; and they use parallel pro- 
cessing. With this much power, says 
Norman Morse, of the lab's Comput- 
ing and Communications Division, “In 
just about a day, our computers can 
perform more calculations than all of 
mankind did before 1970." 


Key molecule made 


A chemist at the Argonne National 
Laboratory has synthesized a complex 
organic molecule that mimics a key 
process of photosynthesis and may 
lead to future means of producing both 
food and energy. The chemist, Michael 
Wasielewski, is assembling a model of 
the molecule in the photo below. It con- 
sists of one molecule each of porphy- 
rin, quinone, and dimethylaniline. 
Chlorophylls are derivatives of porphy- 
rin, and both they and quinones are 
found in plant leaves and participate 
in photosynthesis. Dimethylaniline is 
a man-made substance that works 
with porphyrin and quinone to con- 
vert solar energy into stored chemi- 
cal energy. The new molecule converts 
about 70 percent of the energy in sun- 
light into chemical energy, and stores 
it briefly, says Wasielewski. 

"The molecule makes it possible to 
use normal sunlight to drive simple 
chemical reactions. In the long run, 
this work could lead to a variety of 
energy-efficient methods to produce 
the chemicals that are the basis of a 
large part of the U.S. economy" 
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Shown smaller than actual size. Length approximately BV 


"No one in his right mind 
would go through all this to make a model car." 


The 1935 Mercedes 500K Special 
Roadster. 

It sets a standard few, if any, die-cast 
models have ever approached. 

A masterpiece in miniature, it is the 
| first in Franklin Mint's extraordinary 
new series, The Great Classic Sports 
Roadsters. 


A CUSTOM MODEL OF THIS QUALITY 


Director Gordon Buehrig's determina- 
| tion to create a 1:24 scale model of 
unparalleled authenticity, detail and 
craftsmanship required dedication to 
excellence every step of the way. 

An exhaustive search located, from 
the fewer than 20 originally made, the 
best of the 500K's still extant today. 

The best had recently been Voted Best 
in Show at Concours d'Elegance. From 
hundreds of photographs and precise 
measurements of 
a prototype was built. 

From specially made tooling, 111 pre- 
cision pieces were created, as opposed 
to the roughly 40 pieces that make up 
the average model. 

Each piece individually inspected. 

Each body piece then hand-painted 
with actual automotive lacquer. The 
precise Mercedes 500K color. 

Each piece then hand-waxed to a high 
gloss and reinspected. Imagine hand- 
waxing a model car. The 111 finished 
pieces finally hand-assembled to form a 
single car. 

Dedication had become compulsion. 


WOULD COST THOUSANDS OF DOLLARS. 


is splendid example, 


FRANKLIN MINT 


ITS OPERATIONAL FEATURES AND 


INTRICATE DETAILING ARE REMARKABLE. 


There is remarkable duplication of the 
original's extraordinary amount of 
gleaming chrome trimwork, precisely 
placed, down to the tiny tips on either of 
the fender-tred rublines 

Hood, doors and trunk that open and 
close. 

A boot that snaps off. 

A convertible top that snaps on. 

Full dashboard instrumentation. 

Scale-exact tire tread. A “knock-off” 
hub that covers both spares. 

Seats into which just the right amount 
of "give" has been built. 

Engine detailing that includes a 
Roots-type blower, carburetor and igni- 
tion system. 

Running gear and suspension on the 
undercarriage. 

Compulsion had become obsession. 

And finally, the result is here. 


THE MAGNIFICENT MERCEDES 
IS AVAILABLE ONLY THROUGH 
THE FRANKLIN MINT. 

Crafted and imported exclusively by 
Franklin Mint Precision Models, the 
500K is being offered at the remarkably 
low price of $90. Upon receiving the or- 
der form at right, payment will be billed 
to you in 3 installments of $30 each. 


"We were determined to 
make the ultimate in die-cast 
models," said Mr. Buehrig. 
“We succeeded!” 


PRECISION 


Gordon M. Buehrig, designer of the legendary 
Cord 810, Duesenberg J., Auburn Speedster and, now, 
Director of Franklin Mint Precision Models 


The Mercedes 500 K Special Roadster 


Please mail by March 31, 1986 


Franklin Mint Precision Models 
Franklin Center, Pennsylvania 19091 


Please enter my order for The Mercedes 
500K Special Roadster, crafted in die- 
cast metal, to be sent to me fully assem- 
bled and ready for display. 

I need send no money now. 1 will be 
billed for my model in three monthly 
installments of $30*each, beginning just 
before the car is ready for shipment. 


| 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
| 
| 
*Plus my state sales tax | 
and a total of $3. for | 
shipping and handling. l 
| 

| 

| 

| 

I 

| 

l 

l 

l 

l 

l 

l 

l 

l 

l 


Signature ee. 
"ALL ORDERS ARE SUBJECT TO ACCEPTANCE. 


Name. 
PLEASE PRINT CLEARLY 


Address. 


—-----2---------2--2-2--2------------4 


MODELS 
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Slippery mini 


Toyota's AXV experimental vehicle 
(above) was designed with three 
goals in mind: ultra-low fuel consump- 
tion, attractive styling, and interior 
comfort. 

At the heart of the vehicle's low fuel 
consumption is a three-cylinder die- 
sel engine. A small turbocharger, 
which takes advantage of the 1.1-liter 
engine's short exhaust manifold, in- 
creases the tiny diesel's power. Toyota's 
approach to getting the muscle to the 
axles is just as unconventional as the 
power plant: Rather than a power- 
gobbling automatic, a more efficient 
continuously variable transmission 
(CVT) is bolted to the engine. 

Keeping the chassis weight in check 
required innovative material applica- 
tions. For instance, plastic is used ex- 
tensively in some new areas, including 
the steering, windows, chassis, and 
suspension. Toyota even went so far 
as to cast the diesel's block in alumi- 
num. The net result is a curb weight 
of 1,433 pounds, with room to accom- 
modate four adults comfortably. 

In the interest of both aesthetics and 
fuel efficiency, many new aerodynamic 
features are integrated into the car's 
design, including thinner flush head- 
lights, perforated flat wheel covers, 
three-part side mirrors, and even a 
low-air-resistance cooling system. 

Toyota was also interested in pro- 


viding a more comfortable interior in 
its test-bed vehicle. To do that, 
engineers installed a special tilt-away 
steering wheel, an easy-read speedom- 
eter, a centrally located switch clus- 
ter, heat-reflective windows, and step- 
less reclining seats (front and rear). 
The car's most interesting comfort fea- 
ture, however, is electronically con- 


trolled engine mounts. The mount 
system sets the spring rate and damp- 
ing force to "soft" at idle or low speed 
when fluctuations in torque and 
engine shake are pronounced. At 
higher and medium speeds the mounts 


| stiffen. 


Supercharged VW 


Turbocharging makes weak engines 
strong, but most of the power is avail- 
able only at higher engine revs. Su- 
percharging, however, beats both the 
low-rpm power problem and irritating 
turbo throttle lag. Supercharging, 
widely used on racing cars in the 
1920s and '30s, has been restricted 
largely to hot rods because it gulps a 
lot of fuel. But recently, companies like 
Lancia, Toyota, and Volkswagen have 
shown renewed interest in supercharg- 
ing. Lancia and Toyota's technical in- 
vestigations have centered primarily 
on the old Roots-type blower. This su- 
percharger has two paddlelike rotors 
that intermesh inside a sealed case. 
Now Volkswagen has gone even fur- 
ther back in history, to a French de- 
sign created in 1905. VW calls it the 
G-charger, and it's already installed 
on a Europe-only production car. 
Fitted to the 1.3-liter four (drawing 
below) in the baby Polo Coupé GT 
G40, the G-charger boosts power from 
55 to 115 hp. VW claims the subcom- 
pact does zero to 62 mph in nine sec- 
onds and has a top speed of 120 mph. 
The rotor (inset) has G-shaped spiral 
Continued 
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"At Last! A Rear Tine Tiller 


e 
Especially for Small Gardens! 


the 3'e HP TROY-BILT 
"JUNIOR" 


If your garden is 30'x50' or less, here's why it will pay you 
to get the full story about the Newest, Greatest Breakthrough 
in rear-tine tillers in over 50 years!... HALÉTHEPRICEOF 
OUR LARGEST MODEL 
@ SAVES YOU MONEY! Goes for half the price of larger rear- 4 

tine tillers—which you don't need for your small-sized garden. 
€ SAVES YOUR BACK! Forget spading and raking! The 
"JUNIOR" prepares your garden in a fraction of the time! 


SAVES HAND WEEDING! It's adjustable to shallow depth 
perfect for chopping, uprooting and burying weed seeds— 
killing them. Simply guide the “JUNIOR” up and down 
the row. 


SAVES GARDEN SPACE! Narrow 14" tilling width 
allows you to plant your rows closer together. 
Grow more in less space! 


LI 


The BIG JOB tiller...for small, high yield gardens! 


EASY TO USE! With its tines in the rear and engine 
out front, the *JUNIOR" is so well balanced you 
can handle it with JUST ONE HAND. Won't shake 
you to pieces like front-end tillers do! 


"Grow more in less space!" 


EASY TO TURN & MANEUVER! Because the 
“JUNIOR” is light and compact (but strong!) you 
can turn it and maneuver it in tight places with 
wonderful ease! 

There's much more to know about this wonderfully 
different and better idea in small garden tillers...like how 
you can use it to build super rich soil, no matter what 


your soil conditions...or, how it can help you grow two, 
even three crops of vegetables where you could only 
grow one before! 


So why not mail the coupon TODAY and get all the 
exciting facts about the amazing TROY-BILT "JUNIOR"... 
Plus our mid-sized PONY and large garden HORSE 
Models. We'll include prices, attachments and complete 
information about our special “OFF-SEASON” Savings 
discount now in effect! 


If you need a machine to do your whole garden... 
Please don’t buy a 
“toy tiller’! 


Hand-held units with chainsaw engines 
are not really tillers. They work O.K. as 
spot cultivators, but are too LIGHT- 
WEIGHT to till deeply or bust sod. You 
have to drag them BACKWARDS to make 
seedbeds. And, they are too UNDER- 
POWERED to compost effectively. 


“Turns on a dime!" 


«mm -—— m - - 
2 ow BILT Roto Tiller-Power Composter 
A2544 


ps 102nd St. & 9th Ave., Troy, N.Y. 12180 
l| YES! Please send me complete information on 


Zip. 
lm m m m m m mm eee 


[| 
i the newest JUNIOR and all other TROY-BILT Til- [| 
ler Models ranging from the 5 HP PONY to the8 Bj 
[| HP "PROFESSIONAL" including details on prices i 
[| and big "OFF-SEASON Savings now in effect! I 
[| 
[| Name. [| 
1 [| 
I Address. [| 
J [| 
City. i 
[| 
i 


B 
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channels interleaved with matching 
channels in the casing. Compared with 
the Roots blower, it produces higher 
efficiency and lower noise, and is 
smoother running—three of the pre- 
viously biggest stumbling blocks for 
superchargers. 


Korean Ford 


All of the major American car com- 
panies are shopping for low-budget 
models in Korea. Ford is seriously con- 
sidering importing a Korean mini 
["Coming: A New Wave of Under- 
$5,000 Cars?" PS, Sept. '85] in 1987. 
More than two feet shorter than Ford's 
compact Escort, the Festiva (drawing 
above) will be powered by a 1.3-liter 
four-cylinder engine. Designed by 
Ford's affiliate Mazda Corp., Festiva 
reportedly provides the same interior 
room as the larger Escort, despite its 
diminutive size. Future plans for the 
car call for extra models and a CVT. 


$5,000 Subaru 


Subaru announced late last year that 
it will introduce a $4,000 to $5,000 
car in January '87. Called the Justy, 
the front-drive will be powered by a 


1.2-liter three-cylinder transverse en- 
gine. There will be two models: the 
DL and GL. The more expensive GL 
model will sell for between $5,000 and 
$6,000. Initially available as a front- 
drive with a five-speed manual, a four- 
wheel-drive Justy will come later. 
Insiders say that if production prob- 
lems can be ironed out, a CVT may 
be the alternative to shifting. 


Plastic coil springs 


Plastic coil springs have half the 
weight of steel, natural damping char- 
acteristics, and a good fatigue life, and 
they reduce road noise. Naturally, they 
are also corrosion-free. Under devel- 
opment by Britains National Engi- 
neering Laboratory, in Glasgow, Scot- 
land, the springs are made of strips 
of fiberglass-reinforced epoxy resin 
(photo below left) pressed in a wavy 
form. One of the benefits of the new 
spring technology is the ability to tai- 
lor spring rates'to the specific appli- 
cation. This is done by changing either 
the fiber orientation, resin mix, or 
strip thickness. One British company, 
Freight Rover, is already mass produc- 
ing the springs for a light commer- 
cial vehicle called the Sherpa. 


Future Ford 


It's what auto makers call a "think 
tank" car. Ford calls it the T2008 
(drawing below). Named to honor the 
100th anniversary of the Model T 
Ford, the T2008 is not a real car. It's 
a compilation of Ford design, engineer- 
ing, and manufacturing projections for 
the 21st century. Some of its advanced 
features include a satellite telephone 
hookup, automatic guidance, and even 
a compressed-air passenger-restraint 
system to replace seat belts and air 
bags. But perhaps the T2008's most 
interesting design feature is modular 
construction. The car would be built 
of at least three replaceable modules. 
Ford's dream car gains credibility 
when you consider these innovative 
ideas are from Ford's manufacturing 
divisions. 


Tempo/Topaz air bags 


Starting this month, Ford Motor Co. 
will offer a driver-side air bag in its 
four-door Tempo and Topaz models. 
The system, designed to supplement 
seat belts, will be priced at $815. The 
Ford system operates through sensors 
mounted at the car's nose and on the 
fire wall that measure changes in ve- 
locity and impact forces. The bag de- 
ploys in about V5 second. 

Ford will become the first U.S. 
maker to offer the option since the 
General Motors experiment in 1974, 
75, and ’76. At that time, the GM 
price was $325. Chrysler presently has 
no plans to sell a model with an air- 
bag option. Of course, Mercedes-Benz 
has been offering an air-bag option 
since 1984. And this year, air bags 
come standard on all Mercedes mod- 
els. According to the company, more 
than 15,600 air-bag-equipped cars 
have already been sold. us 


Contributors: Jack Keebler (New York), Dan 
McCosh (Detroit), David Scott (Europe). 


22 | POPULAR SCIENCE 


Small Wonder 


It's here, pocket-size radar protection. 


Tinagine a superbly crafted electronic 
instrument, powerful enough to 
protect against traffic radar, miniatur- 
ized enough to slide into a shirt pocket, 
beautiful enough to win an inter- 
national design award. 


Small means 
nearly-invisible protection 


hat could only be PASSPORT. 
It xactly what the discerning 
driver needs, superheterodyne 
performance in a package the size 
of a cassette tape. 

This miniaturization is possible 
only with SMDs (Surface Mounted 
Devices), micro-electronics common 
in satellites but unprecedented in 
radar detectors. It's no surprise that 
such a superlative design should be 
greeted by superlatives from the 


a word, the Passport is a 
aid Car and Driver. 

The experts report excellent 
performance. Simply switch PASSPORT 
on and adjust the volume knob. 
Upon radar contact, the alert lamp 
glows and the variable-pulse audio 


Small means 
the size of a cassette tape 


begins a slow warning: "beep" for X 
band radar, "brap" for K band. Simul- 
taneously a bar graph of Hewlett 
Packard LEDs shows radar proximity. 
ou get closer, the pulse 
quickens and the bar graph lengthens. 
Should you want to defeat the audible 
warning during a long radar en 
counter, a special switch provides 
silence, yet leaves PASSPORT fully 
armed for the next encounter. A 
photocell adjusts alert lamp bright 
ness to the light level in your car. 
PASSPORT was designed for your pro- 
tection and your convenience. 


Jm am 
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In PASSPORT, 102 SMDs (right) do the work of 
ordinary transistors, resistors and capacitors. 


PASSPORT comes with a leather 
case and travels like a pro, in your 


briefcase or in your pocket — to the 


Just install on or, then 

plug into the lighter PASSPORT keeps 
such a low profile. It can be on duty 
without anyone noticing. 


Small means 
an easy fit in the briefcase 


One more PASSPORT con 
venience — call us direct. It's toll free. 
We make PASSPORT in our own 
factory and we'll be happy to answer 
any questions you may have. If you 
decide to buy, we'll ship your 
PASSPORT within 24 hours by UPS, 
and we'll pay the shipping. For an 
extra $6.00, Federal Express guaran 
tees 48-hour delivery. 

If you're not satisfied within 30 
days, return PASSPORT. We'll refund 
your purchase and your return ship 
There are no hidden 


Isn't it time for a PASSPORT of 
your own? 


$295 (OH res. add $16.23 tax) 


Slightly higher in Canada 


ee 


© 1985 Cincinnati Microwave, Inc. 


PASSPORT 


RADAR-RECEIVER 


Call Toll Free 800-543-1608 
Cincinnati Microwave 

Department 100-016-C15 

One Microwave Plaza 

Cincinnati, Ohio 45296-0100 
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By WILLIAM J. HAWKINS 


Goodbye, CRT and LCD? 


It's the thinnest electroluminescent 
display available: The EL8358 (shown 
above) is 0.55 inch thick. It has a res- 
olution designed specifically for MS- 
DOS computers (640 by 200 pixels, 80 
columns). The display, made by Pla- 
nar Systems (1400 N.W. Compton Dr., 
Beaverton, Ore. 97006), has been 
bought by a major computer maker for 
use as an alternative monitor. The 
electroluminescent display will replace 
a CRT. Because of the display’s low 
weight (16 ounces) and low voltage re- 
quirement (12 volts), it is also a strong 
contender for all future portable com- 
puters, replacing the hard-to-read 
LCD displays now in use. 


Amorphous computer 


Energy Conversion Devices (1675 W. 
Maple Rd., Troy, Mich. 48084) has 
begun work on a computer that uses 
amorphous materials. (These materi- 
als are used to create extremely large 
semiconductor chips.) According to the 
company, the all-thin-film amorphous 
computer—the size of an 8'-by-11- 
inch sheet of paper—could replace a 
roomful of present computers. And one 
cubic foot of its three-dimensional 
amorphous memory holds as much 
data as an entire acre of disk drives. 


3D touch screen 


Put your finger on a touch screen, and 
the location of your fingertip is sent 


to a computer as two-dimensional hor- 
izontal and vertical coordinates. Often 
the location is determined by infra- 
red light beams and sensors scattered 
along the screen's perimeter. But a 
new touch screen (photo below) from 
Zenith (1000 Milwaukee Ave., Glen- 
view, Ill. 60025) detects sound to de- 
termine a third dimension: pressure. 
Two piezoelectric elements create the 
sounds; acoustic reflector strips send 
them across the tube face, creating a 
matrix of up to 50 touch points. 


Pattern reader 


Called Softstrip, it's a graphic pattern 
that can be printed directly on paper. 
The pattern contains data—which can 
represent programs, graphics, and 
sound—in a highly compressed for- 
mat. When you drag a special electro- 


optical scanner across it, as in the 
photo below, the encoded information 
is sent to a personal computer for use. 
Its makers, Eastman Kodak Co. (343 


| State St., Rochester, N.Y. 14650) and 


Cauzin Systems (Waterbury, Conn.), 
intend to license the technology to 
software publishers as a new way to 
sell programming material. 


Speak—normally—to me 


"This... document... describes... the 
use... of... voice... recognition... 
products." 

James Baker, chairman of Dragon 
Systems (55 Chapel St., Newton, 
Mass. 02158), spoke slowly and delib- 
erately into the microphone. As he 
said each word, it appeared on the 
screen of the IBM AT in front of me. 

‘Tm speaking slowly because the 
system is set to take the maximum 
amount of time [1.5 seconds] to search 
for the correct word,” he told me. “Ac- 
tually, the computer is ninety-eight- 
percent certain that it knows the word 
before I finish speaking it.” 

Voice recognition is not new to com- 
puters. Texas Instruments, ITT, and 
IBM offer add-on circuit boards that 
give computers a vocabulary of up to 


200 words. But Baker called me to his 
New York hotel suite to demonstrate 
a new program that allows the com- 
puter to recognize any one of 2,000 
words—as they are being spoken. 
“Conventional voice-recognition sys- 
tems work on a single word at a time,” 


| said Baker. "There's a definite start 


and stop point for each one. That's 
slow, and it requires the user to have 
an unnatural, staccato voice. We use 
continuous-speech recognition." 

To a computer programmed with 
Baker's voice-recognition system, there 


| are no words, just continuous sounds 


— from background room noise to 
human utterances. The program uses 
a special algorithm to break the sounds 
into words contained in a dictionary. 
*By analyzing sounds continuously," 
said Baker, “the software can under- 
stand normal speech." That could re- 
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check account balances, transfer money, or pay credit cards. 

* Making a computer understand plain English has for 
years been the dream of artificial-intelligence software de- 
signers. And now, after some 30 years of work, there are 
some results. For example, Lotus Development Corp. (161 
First St., Cambridge, Mass. 02142) will incorporate a pro- 
gram called HAL (named in honor of the computer in the 
movie 2001: A Space Odyssey) into many of its future pro- 
grams. Using HAL and a 2,000-word dictionary, programs 
like Lotus 1-2-3 will understand spread-sheet vernacular: 
Enter a plain-English command on the keyboard, such as 
“What is the average cost per day?" and the answer is 
instantly computed. Similarly, a data-base program called 
Paradox, $695 from Ansa Software (1301 Shoreway Rd., 
Belmont, Calif. 94022), accepts examples of the type of 
information you'd like to find—then uses AI to find it. 
The program requires an IBM PC (or compatible computer), 
two disk drives, and 512K of memory. 


Take aspirin, sing to me in the morning 


Speaker manufacturers never cease trying to create the 
*ultimate" acoustic transducer, but a woman described in 
" € ! the New England Journal of Medicine may have them all 
-— i beat: For three weeks she heard music—songs from the 
1930s and '40s—without the aid of any electronic device. 
According to her doctor, the music was the result of a 
chemical imbalance caused by large doses of aspirin (12 
Now u ean Se tablets) she took daily to help combat arthritis. If you're 

yo a music lover, this is certainly a rare but positive advan- 
tage of aspirin. Tylenol backers, however, are swift to point 


who S there... out that the songfest was not in stereo. us 


sult in devices like the long-sought electronic typewriter without leaving 


that takes your dictation. 
When will it be available, and how much will it cost? chair. 
Baker stresses that he is in research, not manufacturing. 


“We're demonstrating a new technique here,” he said, “not 
a new product.” But he’s also in business: Dragon hopes 
to license the software to its clients, IBM and Apricot. 


Quick looks 


* Porta-Mount is a five-foot satellite dish that folds down 
when not in use. That, claims the maker, Channel Master 
(Box 1416, Smithfield, N.C. 27577), makes it practical for 
apartment residents and vacationers. 

* PC Scheme is a new form of the LISP programming 
language, which is used to develop artificial intelligence 
on PC-compatible computers. Available from Texas Instru- 
ments (Box 2909, Austin, Texas 78769), it’s $95. 

* A new 40-inch rear-projection monitor/TV from Pio- 


neer Video (200 W. Grand Ave, Montvale, N.J. 07645) uses | __,., ueave it to Sony to bring a home security system 
a 160-mm lens system to produce a picture with high res- 
olution (450 lines) and brightness (300 footlamberts). Both With the Sony WatchCam™ Home Security System, 


specifications are better than conventional direct-view TV the most convenient way to protect your home. 


sets. Price: $3,500. Or, for the same price, you can buy Mount the 2” camera anywhere— i 
the new 6.5-foot Novabeam 100 monitor precor from front door, back door (even the babys 
Kloss Video Corp. (145 Sidney St., Cambridge, Mass. room). It transmits a b/w image and sound § 
02139). It uses the Faroudja image-processing system, to a portable 4" TV monitor. Its sen- 

which is claimed to restore the detail lost in recordings or sitive in low light, easy to install and — 
broadcasts. The projector has a nine-megahertz bandwidth comes with a through-the-door 


capability, and it accepts an RGB input. peephole adapter. 

* Citicorp and Panasonic Industrial Co. have created So why not look into one at your e ON Y; 
the Pocket Terminal: The one-by-three-by-5.25-inch display local Sony dealer today? THE ONE AND ONIN. 
terminal plugs into any modular phone jack to let you Er nano Ameren Sony ed rademark and WatchCam isa trademark 
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16 valves from GM 


The 2.3-liter four-cylinder Quad 4 will use four valves per cylinder, tuned manifolds, elec- 
tronic fuel injection, and distributorless ignition to produce 150 horsepower. General Mo- 
tors will offer the engine in several models starting in 1987. 


By DAN McCOSH 


s one of the greatest manufac- 
Ae: and promoters of the mod- 

ern V8, General Motors Corp. 
has rarely thrown the full weight of 
its engineering resources behind the 
development of a four-cylinder engine. 
Faced with an energy crisis or a boom 
in import sales, GM might abduct a 
four-banger design from its operations 
in Brazil or Europe—and once it even 
sliced a V8 in half lengthwise. But few 
small GM engines have ever come 
from a clean drawing board. 

This explains some of the anxiety 
of the handful of engineers milling 
in the cold rain last December as 
they watched two prototype Oldsmo- 
bile Calais sedans hydroplaning across 
the flooded pavement of the GM test 
track in Mesa, Ariz. 

The nervous glances seemed appro- 
priate. The cars trailing the rooster 
tails of spray were powered by pre- 
production prototypes of the Quad 
4—a 16-valve 2.3-liter four-cylinder 

Continued 
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& SHELL ASSEMBLY 


CAM s 
CARRIER A 
$ 
SPARK-PLUG BOOT CYLINDER HEAD 


The Quad 4 engine (top) uses two chain-driven camshafts 
to operate two intake and exhaust valves for each cyl- 
inder. The spark plug is located at the top of each combus- 
tion chamber and is connected directly to one of the two 
coils in the direct-ignition system (above). 
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The ignition system for the Quad 4 (above) uses no distrib- 
utor. High-output coils mounted on the cylinder head con- 
nect directly to the spark plugs, while the engine-control 
computer receives timing information from the crankshaft. 
A distinctive aluminum cover protects the ignition system. 
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ifetime. For more details, fill out this 
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16 valves from GM continued 


power plant developed by GM's Olds- 
mobile Division. Olds chief engineer, 
Ted Louckes, standing beside me in 
the rain at the test track, said with 
some excitement, "This is the first all- 
new engine from Olds since the 1948 
Rocket V8.” 

The new Olds engine is a turning 
point in GM's small-engine philosophy. 
It’s the company’s first attempt to 
build a high-tech four-cylinder engine 
—one designed to equal the power and 
smoothness of a V6 or V8, but with 
better fuel efficiency. 

The engine won't be available in 
showrooms for more than a year, with 
the first installation planned for a 
1987’ Calais. But GM is already ac- 
cording the Quad 4 engine program 
some of the reverence normally re- 
served for such landmarks as the 1948 
high-compression Kettering V8 and 
the venerable 1955 small-block Chevy 
V8. The company is proclaiming the 
Quad 4 a watershed in its thinking 
about where tomorrow's horsepower 
will be coming from. "This engine uses 
the technology of the world's best en- 
gine builders," Louckes says. 

The Quad 4 will compete head-on 
with Porsche, Saab, Toyota, and Mer- 
cedes, who already produce 16-valve 
four-cylinder engines for passenger- 
car use. Oldsmobile's new engine uses 
two intake and two exhaust valves 
per cylinder, as well as tuned intake 
and exhaust manifolds for improved 
breathing. Electronic fuel injection 
and direct ignition, which uses no dis- 
tributor, help boost output to 150 
horsepower. That's a substantial in- 
crease from GM's current 2.5-liter four, 
which produces 88 hp and 132 foot- 
pounds of torque. 

My test drive on the rainy track at 
Mesa didn't allow any meaningful 
check of the 8.4-second zero-to-60 time 
that Oldsmobile claimed for the Calais 
with the Quad 4 and a manual trans- 
mission. But a hand-held stopwatch 
did reveal that a Calais with this hot 
new four-cylinder would walk away 
from the current 2.5-liter Calais. And 
in an impromptu drag race with a 
Calais equipped with the current three- 
liter V6, the car with the Quad 4 was 
two car lengths ahead at 60 mph. 

To complete the unfair comparison, 
one prototype Calais was equipped 
with a new Getrag five-speed gearbox, 
a smooth-shifting transmission that 
will go into production for the 1987 
model year. The Getrag is GM's lat- 
est answer to complaints about the 
rough shifting in its present genera- 
tion of manual transmissions. 

More important than the raw power 
of the engine was its smoothness, even 
in the test-bed cars I drove. Only a 
trace of high-frequency vibration was 
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detectable at any engine speed up to 
the 7,000-rpm red line. Gone was the 
familiar harmonic rumble that creeps 
around the tuned engine mounts of 
the 2.5-liter GM four. 

GM engineers told me that the basic 
150-hp version of the Quad 4 will be 
followed by a 180-hp high-output ver- 
sion. That would actually match the 
horsepower—though not the 245 foot- 
pounds of torque—of the five-liter V8 
in the current Oldsmobile 442. And 
in turbocharged form, the Quad 4 
promises some 250 hp. That compares 
with 220 hp for the new 2.5-liter 
Porsche 944 turbo, and 200 hp for the 
Buick 3.8-liter V6 turbo. 

The Quad 4 has been designed to 
take advantage of the benefits of four- 
cylinder designs while avoiding some 
of the pitfalls. At a given displace- 
ment, four-cylinder configurations offer 
low internal friction. An in-line four 
also makes for straightforward valve 
actuation and manifolding, which are 
particularly important when using 
four valves per cylinder. 

But these advantages are offset by 
high piston mass and balance prob- 


GG In some ways, 

the engine is as 
remarkable for what's 
left out as for 

what's included 55 


lems—particularly up-and-down shaking 
forces—inherent in an in-line four. 
These balance problems tend to be ex- 
aggerated in four-cylinder engines of 
more than two liters, one reason why 
Japanese and European manufactur- 
ers favor smaller-displacement en- 
gines. That’s also why counterrotating 
balance shafts used to dampen shak- 
ing forces are becoming more popular 
on large-displacement fours. 
Oldsmobile engineers said they con- 
centrated on smoothing the shaking 
forces by reducing piston mass. The 
thin-wall aluminum pistons and con- 
necting rods that have resulted are 
about 40 percent lighter than those 
used on the 2.5-liter four-cylinder. The 
reason? A new machining process al- 
lows GM to make thinner pistons and 
connecting rods than ever before. “Be- 
fore, we had to design extra weight 
in to meet the stresses of manufactur- 
ing—not just the strength the piston 
needed to work in the engine,” said 
Marv Thompson, an Olds development 
engineer. “We also use an eight- 
counterweight crankshaft, rather than 
the four weights used on the 2.5, to 


cut bearing wear,” Thompson added. 

Louckes told me that Olds wanted to 
avoid the small horsepower loss due to 
the balance shafts, and claimed that 
even without the shafts, the Quad 4 has 
less shaking forces than the smooth- 
running 1.8-liter Honda engine. 

The Quad 4 generates its power by 
adopting techniques familiar on rac- 
ing engines. Although nothing in the 
design of the engine is completely new, 
much of the technology is only begin- 
ning to enter volume production. 

A tuned intake manifold feeds air to 
the cylinders, and fuel is supplied by 
individual injectors controlled by a new- 
generation engine-control computer. 

Olds engineers said the cylinder 
head for the Quad 4 was inspired by 
that of the Cosworth Vega, a two-liter 
16-valve version of the Vega four that 
GM sold briefly. One prototype of the 
Quad 4 even sported a Cosworth-style 
head machined from solid billets of 
aluminum, but production heads will 
be die cast. A bundled 4-2-1 tuned ex- 
haust, which feeds spent gases from 
four, to two, to one pipe, completes 
the picture. 

The computer-controlled ignition 
system is similar to one recently adopt- 
ed by Buick. It works without a dis- 
tributor, receiving timing information 
from the crankshaft. Two high-voltage 
coils mounted on top of the cylinder 
head fire the spark plugs directly, 
without ignition wires. 

In some ways, the engine is as re- 
markable for what's left out as for 
what's included. Not only does it lack 
a distributor and balance shafts, the 
Quad 4 also does without an air pump 
and exhaust-gas recirculation system. 
These exhaust-emissions devices are 
fast becoming obsolete as computer- 
controlled fuel injection improves the 
precision of the air-fuel mix. 

Finally, the Quad 4 hints at other 
trends for future engine development at 
GM. “We're looking at lean burn,” says 
Arthur Frelund the Olds engineer who 
supervised the development of elec- 
tronic controls for the Quad 4. “We 
would needtochange heads—probably 
go to two spark plugs. We've left room 
in the design for the changes." 

The high-voltage circuitry in the 
Quad 4 ignition system is a necessary 
building block for a future lean-burn 
engine, which would use two-platinum- 
tipped spark plugs per cylinder. There is 
also a 64-kilobyte engine-control com- 
puter in the works, which would make 
possible the extremely precise fuel con- 
trol needed to make lean burn work. 

The Quad 4 appears to be the first 
in a new generation of small engines 
from GM, engines that may become 
as important to the company as the 
V8 once was. Hs 
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- FIRST DRIVING REPORT: 


By JIM SCHEFTER 


pact is a good quality automobile— nothing fancy, just 

solid, basic transportation—for $5,000. And after driv- 
ing a prototype sedan for several days in Southern Cali- 
fornia, the car seems a bargain. Comparable Japanese 
models have sticker prices $2,000 higher. Hyundai, Ex- 
cel's maker, has a price advantage over Japanese car mak- 
ers because of lower labor costs in Korea. Also, the Excel 
was largely designed and engineered by Mitsubishi, with 
Hyundai importing about 15 percent of its parts from 
Japan. 

Throughout the car, Hyundai (Garden Grove, Calif.) 
Sticks to time-tested automotive technology. Its 68-horse- 
power 1.5-liter overhead-cam engine is sufficient to haul 
the 2,100-pound-plus vehicle around without much hesi- 
tation, even when you floor it. The in-line four is not with- 
out refinements, however. It has a two-barrel Mikuni 
carburetor with an electronic feedback system that opti- 
mizes the air-fuel mixture, and a jet intake valve (in ad- 
dition to the standard intake and exhaust valves) that 
enhances combustion efficiency by inducing a swirl in the 
incoming fuel charge. 

Equipment is conventional. The strictly utilitarian dash- 
board has standard analog instrumentation. The manual 
Steering is rack-and-pinion. Tires are Goodyear Corsa GT 
Steel-belted radials, and the brakes are power-assisted front 
discs and rear self-adjusting drums. 


T he new Korean-made front-wheel-drive Excel subcom- 
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Excel's performance is pretty good. Handling, though 
heavy at low speeds, is relatively agile for this kind of 
car. The turning radius is tight. Informal acceleration runs 
on back roads yielded zero-to-60-mph times under 13 sec- 
onds. In the zero-to-30-mph tests, the Excel consistently 
turned in times of 4.2 to 4.3 seconds. At freeway speeds, 
interior noise was low enough to allow normal conversa- 
tion, but the Excel's suspension seemed overly stiff: The 
car's front MacPherson struts and rear independent trail- 
ing arms failed to damp out the California freeway's little 
jiggles and bumps. In panic stops from 60 mph, the sedan 
held a nice, straight line. 

Front and rear seats are comfortable, and the front and 
back head room and leg room are adequate. Trunk capac- 
ity is ample. 

One obvious drawback to the Excel is a small 10.6-gallon 
fuel tank in models with manual transmissions. The 
automatic-transmission models have a more voluminous 
13.2-gallon tank. But fuel economy is high. The EPA rates 
the Excel at 33 mpg for city driving and 46 mpg on the 
highway, which coincides with my test sedan's combined 
freeway and city score of 39.7 mpg. 

Hyundai will offer the Excel in three Georgetto Giugiaro- 
styled models: three-door and five-door hatchbacks and a 
four-door sedan. The wheelbase for all three models is 
about 94 inches. The hatchbacks are 161 inches long; the 
sedan is seven inches longer. 

The $4,995 base car comes with a long list of standard 
equipment, including reclining front seats, carpeting, rear 
window defroster, and a four-speed manual transmission. 
Upgraded GL and GLS versions include a five-speed man- 
ual transmission, body-colored bumpers, protective exte- 
rior moldings, dual remote-control outside mirrors, and 
an AM-FM-stereo cassette radio. A fully loaded GLS 
model, equipped with optional automatic transmission, 
electric sun roof, air conditioning, power windows, fog 
lamps, and cruise control is expected to have a price less 
than $8,000. Hyundai will offer the Excel through about 
200 dealers in 39 states at first. The Midwest will be added 
in 1987. Us 
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New products for i 


LAWN& 
GARDIEN 


Spring is here, and you're itching to get outdoors. Whether you 
enjoy yard work or you just want to get the job over with to relax in 
the sun, you'll need good equipment. Again this year, POPULAR SCIENCE 
selects some of the most innovative lawn and garden products. But 
first, a look at what's new in the engines behind the equipment. 


Cutaway drawing of a 
Honda OHV engine shows 
the valves (blue) at right, 
above the piston. 


Super sophisticated small engines 


As I stand in the products-testing area at Toro headquarters in Min- 
neapolis, I remember a high-school physics lesson of 15 years ago: 

Two heavy weights lie on the floor, one attached by a rope to a sin- 
gle pulley, the other to a complex setup of pulleys of different sizes. 
Members of the class try to pull each weight off the ground. Only a 
few of the more robust can budge the weight attached to the first pul- 
ley; everyone can lift the second weight easily with a speedy hand- 
over-hand motion. We've just learned that with a little ingenuity and 
a knowledge of physics, one can engineer a way to get work done with 
less effort. 


Briggs side-valve has electronic igni- 
tion (left of piston). Note valve in head. 


That lesson comes home as Jerry 
Patrin, Toro's director of engineering, 
new consumer products, motions to- 
ward a lawn mower with Toro's new 
overhead-valve (OHV) engine. I've 
started the 4-hp engine twice, and 
twice Patrin has told me I pulled too 
hard on the cord. "Try it again, but 
go easy," he says. I bend, grasp the 
starting rope with two fingers, and 
pull ever so slowly—it seems with 
barely enough effort to spin the fly- 
wheel. The mower jumps to life. 

As in the pulley experiment, engi- 
neering know-how has dramatically 
reduced the effort needed to get work 


done. But that's not all. This new en- 
gine and others like it may revolution- 
ize the entire small-engine industry. 

The small gasoline engine that pow- 
ers lawn mowers, generators, tillers, 
and the like has remained relatively 
unchanged for 75 years. Today it is 
changing fast. Borrowing from auto- 
motive- and motorcycle-engine tech- 
nology, manufacturers are producing 
sophisticated under-5-hp engines that 
promise to run better and last longer 
than any before them. 

About three years ago Honda Power 
Equipment introduced the first mod- 
ern under-10-horsepower OHV engine. 
(The main difference between an OHV 
and side-valve, or conventional, design 
is that the intake and exhaust valves 
are located above the cylinder head in- 
stead of in it.) But OHV technology 
isn't new. It's been common for years 
in cars, and Tecumseh has produced 
12—18-hp OHVs since the '70s. 

I asked Bob Jacques, Honda's man- 
ager of engine sales, why it took so 
long for OHV to come to smaller en- 
gines. “I think people were kind of 
complacent about what they had and 
took the path of least resistance," he 
said. "They didn't feel a need to come 
up with anything significantly better" 

But is an OHV that much better? 
“With the valve over the head,” Toro's 
Patrin says, *you have a bigger com- 
bustion chamber in the same size en- 
gine, higher compression for more 
power, better cooling for longer valve 
and cylinder-head life, easier access 
to engine parts, and less vibration and 


Toro uses horizontal design (compare with Honda). Note rocker arms (left). 


View of Yamaha engine shows rocker 
arms, demonstrates ease of repair. 


noise.” The OHV makers also incor- 
porate features like automotive-type 
lubrication systems and electronic 
ignition and decompression systems to 
provide easier starting. “All these 
things are a benefit to the consumer, 
at a comparable cost,” says Patrin. “I 
think the entire industry will go this 
way.” 

Honda now has a complete line of 
OHVs, from 3.5 to 13 hp. Yamaha uses 
OHV engines for its generators. Ka- 
wasaki and Mitsubishi provide small 
OHVs to the industry on a limited 
basis. And Toro, in a joint effort with 
Suzuki, recently came out with the 
4-hp OHV engine I saw. 

What of the largest producer of 
small engines, Briggs & Stratton? All 
Briggs’s small engines are side-valves 
whose basic design has changed little 
over the years. But I have been told 
there is some interest in OHV design, 
and that the company is taking a se- 
rious look at the technology. Presently, 
however, Briggs includes on some 
engines such advanced engineering 
enhancements as a low-oil shutoff sys- 
tem, float-feed carburetor, and elec- 
tronic ignition. (Tecumseh and Kohler 
offer similar features, but they spe- 
cialize in engines over 8 hp.) These 
are all developments that have trick- 
led down from automotive technology. 

What of the future? Says Honda’s 
Jacques, “Not much has changed in 
the last 75 years. The next big change 
will be something major, like a fric- 
tionless or totally ceramic engine. It’s 
coming.”—Timothy O. Bakke 
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New products for 


LAWN& 
GARIDEN 


Tough shredder 


Some outdoor power jobs are rougher 
on equipment than others. Chopping 
up tree trimmings and garden waste 
and reducing stalks and wood to shreds 
and chips by brute force is one of those 
jobs. 

The model 500 shredder from Roto- 
Hoe Co. (100 Auburn Rd., Newbury, 
Ohio 44065) has three engineering in- 
novations that enable it to tackle those 
rugged tasks. First, its engine is re- 
mote from the debris. All impact loads 
are cushioned by a drive belt and a 
spring-tensioned belt-tightening 
clutch, Second, shredding is done by 
the hammer-mill method, in which 
loosely suspended steel flails chop the 
debris against hardened grate bars 
and a sizing screen to produce a fine 
mulch. Accidentally drop in a rock, 
and you'll hear a lot of noise, but the 
flails will simply pivot and yield, and 
no harm will be done. Third, the 
l-in.-dia. mill shaft is mounted on two 
outboard Timken bearings, vastly dif- 
ferent from imposing such loads on en- 
gine bearings. 

To chop up tree prunings and heavy 
cornstalks, the 500 has a side chute: 
Shove in cuttings up to 1% in. in di- 
ameter, and a rotating knife shears 
them against a hardened-steel cutter 
bar. The hammer mill does the rest. 
The shredder comes with one of two 
engines: 4 hp ($459) or 5 hp ($489). 
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Luggable cutting power 


Power without weight is the design goal of its 034 series 
of chain saws, says Stihl (536 Viking Dr., Virginia Beach, 
Va. 23452). A 3.44-cu.-in. engine gives this mid-size 
gasoline-powered saw a high power-to-weight ratio; with 
a 16-in. bar and chain it weighs 14.5 lbs. Stihl equipped 
the $450 034 with its Quickstop inertia chain brake, which 
uses a friction band that encircles the clutch drum. The 
brake works automatically in the event of kickback, or it 
can be engaged manually. A chain catcher, chain guard, 
and safety throttle lock are also standard. The 034's 
breakerless ignition is controlled by an electronic module 
that's warranted for the life of the saw. The chain ten- 
sioner is accessible through the chain-sprocket cover, mak- 
ing tension adjustments easier for the operator. 


ROTATION 
CONTROL 


SPIKE 


Stand-up clipper 


A grass shear is hard to beat for pre- 
cise trimming, but it condemns you 
to crawling around the yard on your 
hands and knees. Black & Decker's 
model 8202 grass groomer is designed 
to safely trim near delicate plants 
with the stand-up convenience of a 
weed trimmer, says B&D (515 Glebe 
Rd., Easton, Md. 21601). Price: $30. 


Cut-to-fit downpour 


How do you water an L-shaped lawn 
without drenching whatever else is 
nearby? Pattern Master is a program- 
mable sprinkler that puts the water 
only where it's needed. Watering dis- 
tance is programmed by raising or low- 
ering mechanical slides with finger 
pressure. It costs $25 (Gilmour Mfg. 
Co., Box 838, Somerset, Pa. 15501). 


—— T 


Four-in-one mower 


The Simplicity model 1421PP is easy 
to rig as a self-propelled rear bagger, 
mulcher, side-discharge mower, or leaf 
chopper-bagger. It has a three-bushel 
bag and a cutting width of 21 in. The 
wheels are offset to make close trim- 
ming easy; the front and rear wheels 
are 6 and 10 in. high, respectively. One 
lever adjusts both rear wheels to any 
of six positions. The mower is powered 
by a 4-hp Briggs & Stratton Max en- 
gine. Price: $570. 


You might think this slope-nose two- 
seater with the roll bar looks more 
like a dune buggy than a workhorse. 
But the MPV-20 from Bombardier 
(Valcourt, Que., Canada JOE 2L0), the 
manufacturer of Ski-Doo snowmobiles, 
is a 20-hp compact tractor that can 
outperform its scrawnier lawn-tractor 
cousins. The four-wheel-drive vehicle 
isn't all muscle, though. The second 
seat allows a fellow worker to ride in 
comfort and safety. And the sloping 


hood gives you a better view of where 
you're going. You can use the under- 
$7,900 MPV-20 as a snow thrower, 
mower, tiller, front loader, backhoe, or 
plow. And you won't need tools to hitch 
those implements to the vehicle's 
front: They push into special brack- 
ets and are secured with cotter pins. 
There's a standard three-point hitch 
in back. Optional equipment: smooth- 
treaded tires for lawn work, power 
steering, rear-view mirrors, and front 
power takeoff, which is needed to per- 
form some tasks. 


Liquid-cooled engine 


Blowerless bagging 


Fuel savings—that's the reported benefit of the twin- 
cylinder liquid-cooled engine on this 13-hp tractor from 
American Honda Motor Co. (100 W. Alondra Blvd., Gar- 
dena, Calif. 90247). The tractor is also easy to operate: 
You change gears by shifting a floor-mounted lever—there's 
no clutch to work. For safety, the cutting blades will oper- 
ate only when someone is sitting in the weight-sensitive 
seat. With twin headlights, fuel gauge, and temperature 
warning lamp and buzzer, it's $2,748. 


Looking for a tractor that can cut your mowing time? 
Then this lawn tractor from Toro (8111 Lyndale Ave. S., 
Minneapolis, Minn. 55420) may be for you. Powered by 
an 11-hp engine, the $2,340 tractor uses twin blades to 
cut a 38-in.-wide swath. And there's no need to spend 
money on a blower: Airflow from the blades pushes the 
cut grass over the specially designed deck and into the 
bagging chute. The five-speed tractor also features an elec- 
tromagnetic switch that drops the deck for cutting. 
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New products for 
LAWNS 
GARDEN 


Sexy pest control 


No, they're not new tent designs for 
leprechauns. They're insect traps, for 
no-insecticide control of pests in your 
garden or orchard. BioLure traps, from 
Consep Membranes (Box 6059, Bend, 
Ore. 97708), have a sticky floor and 
use pheromones (sex scents) to attract 
flying insects. When an insect enters 
the trap and lands, it sticks to the 
floor. The pheromone is time-released 
through a special membrane; the rate 
of release is designed to mimic the 
natural scent attraction of the insects 
you're after. Consep says it has for- 
mulations for 36 insect species, and 
the traps last eight to 26 weeks, de- 
pending on the insects' flight season. 
Kits are available at lawn-and-garden 
centers; price varies with application. 


38 | POPULAR SCIENCE 


Tangled webs for erosion, drainage 


The strange material I’m holding in 
the photo above would make a fine 
door mat or pot scrubber. But it has 
bigger ambitions. The two samples in 
my right hand are for erosion control; 
the one in my left is used to promote 
drainage. 

They're called Enkamat and Enka- 
drain, and their tangled threads are 
extruded nylon. "The monofilaments 
are brought together while the nylon 
is still molten," explains P. L. Skog- 
lund Jr, American Enka Co's direc- 
tor of Enkamat Systems. Thus they 
stick and form an open-work web. 
Though these materials are intended 
for commercial use, they can be handy 
around the home and yard. There’s 
one handicap, however: You can buy 
them only by the roll, which is large 
and expensive. If you don’t need that 
much, you could get together with a 
neighbor who has similar problems 
to solve. 

What kinds of problems? Steep 
slopes, for example. They’re notori- 
ously difficult places to establish a 
stand of grass. Enkamat can help. 
“You lay the matting, fill it with soil, 
and sprinkle grass seed over it,” in- 
structs Skoglund. The matting holds 
the soil and keeps the seeds in place. 
As the seeds grow, roots penetrate 


WATERPROOFING 


the matting, creating a stable surface. 

Enkadrain is Enkamat with a poly- 
ester fabric heat-bonded to one side. 
It is used in place of gravel to permit 
water drainage. The fabric keeps soil 
from clogging the matting. Enka- 
drain's most common residential use 
is around basement walls (or earth- 
sheltered houses), as illustrated. The 
Enkadrain is cut to length (Skoglund 
recommends hedge shears), then glued 
to the top of the wall (fabric out) with 
construction adhesive. Ideally, such 
drainage is installed when the house 
is built. But if you have a leaky base- 
ment, a possible solution is to have 
the foundation dug out. Then you can 
install Enkadrain all around. "That's 
usually $5,000 to $8,000 a lick to re- 
pair what should have been done for 
$1,000 in the first place," says Skog- 
lund. Enkadrain also can be used for 
smaller tasks, such as lining planters. 

Enkadrain (for use down to 10 ft.) 
costs $225 to $250 for a 35-sq.-yd. roll. 
Enkamat comes in 9- and 18-mm (0.35 
and 0.7 in.) thicknesses in 173- and 
116-sq.-yd. rolls, respectively. Price for 
either is around $775, but volume dis- 
counts are available. For the address 
of a local distributor, write to Ameri- 
can Enka Co., Enka, N. C. 28728. 
—V. Elaine Gilmore 


Two-cycle trimmer 


Electric hedge trimmers are lightweight, but they’re often 
lacking in power, and the cord can be difficult to deal with. 
Now you can have no-cord gas power without the weight. 
The HT-18 trimmer from Homelite/Textron (14401 Caro- 
winds Blvd. Charlotte, N.C. 28217) has an 18.4-cc two- 
cycle engine and 17-in. blade and weighs 10 lbs. $160. 


SNAPPER 


SPRING SAVINGS EVENT 


880 1234 12345b 1 
JONN O CUSTONER 


GUARANTEED 
QUALITY WITH A 
2 YEAR LIMITED 

WARRANTY. 


“a 
You can depend on SNAPPER to 
meet your needs. Our machines are 
built for durability, simple operation 
and hard-working efficiency. We 
stand behind them with integrity and 
service. So, put your mind at ease and 
let SNAPPER do the work for you. 


Attachments limited on certain models. All prices 
shown are manufacturer's suggested list price and 
may vary by dealers. 


PUSH MOWERS 


FREE ATTACHMENT or 50% OFF 
Choose from a 19" or 21" push mower 
with SNAPPERS Hi-Vac* cutting sys- 
tem. Vacuum action stands grass up 
foran even cutand removes clippings, 
leaves, and pine straw. So buy one** 
now and get your choice of: 

FREE: 

A. Mulcherizer; retail value $44.95 

B. Grass Catcher, retail value $49.95 

C. Snapperizer,” retail value $59.95 

OR 50% OFF: 

H. Pac-N-Sac, retail value $109.95 


SNAPPER 


SELF-PROPELLED MOWERS | 


FREE ATTACHMENT or 50% OFF- 
SNAPPER’ self-propelled mowers 
have all the power for lawn care. 6 
forward speeds, a 4 HP engine, and 
our patented Hi-Vac* deck take the 
effort out of your work. Buy one** 
now and receive your choice of: 
FREE: 

A. Mulcherizer,” retail value $44.95 

B. Grass Catcher, retail value $49.95 

C. Snapperizer,” retail value $59.95 

D. Thatcherizer,” retail value $69.95 
OR 50% OFF: 

H. Pac-N-Sac, retail value $109.95 


RIDING MOWERS 


LAWN TRACTORS 


TREE ATTACHMENT or 50% OFF 
Get Pe Ace with the quality 
2SNAPPER features. Like famous disc 
bdrive, and a patented cutting height 
fadjustment. And our riders have an 
gautomatic blade stop and a smooth 
start clutch. So buy a rider** now 
fand choose from: 

"FREE: 

Æ. Dump Cart, retail value $189.95 

F. 6 Bu Catcher, retail value $139.95 
OOR 50% OFF: 

I. Bag-N-Wagon," retail value $369.95 
U. Twin Bag catcher, retail value $259.95 


FREE MOWER DECK 

SNAPPERS lawn tractors give you 
muscle. Choose the 11 HP engine or 
the 12.5 or 16 HP twin cylinder engine 
and get our famous disc drive that lets 
you shift through 12 forward and 2 
reverse speeds. Buy a lawn tractor** 
now and receive your choice of: 
FREE: 

G. 33" Hi-Vac* mower deck, retail value 
$250. 41" side discharge mower deck, 
retail value $330. 48” side discharge 
mower deck, retail value $500. 


SNAP-CREDIT 


No down payment and no 
monthly payment for 90 days? 
*Finance charges will accrue from date of delivery. 
**At regular retail price. 


It's a snap with 


SNAPPER, 


880 1234 12345b 1 
JOHN O CUSTONER by 4 


a id 
Tillers m 


ASLOWAS 


HET 


TILLERS 


FREE ATTACHMENT 

You can feel the quality difference 
ina SNAPPER tiller. Get a front 
tine tiller** with garden tractor 
wheels or a rear tine tiller** and 
receive your choice of 

FREE: (front tine tiller attachments) 


FREE: (rear tine tiller attachments) 
K. Hiller-Furrower, retail value $79.95 : 
M. Cultivator, retail value $109.95 


“At regular retail price 


*Finance charges will accrue from date of delivery. 


— 


880 1234 12345b 1 


JONN O CUSTORER 


AT PARTICIPATING DEALERS. 


Visit the SNAPPER dealer nearest you. Or look in the Yellow Pages under lawn mowers. 


Sleeker than a fighter plane: 


Ford's Probe V 


By JACK KEEBLER 


DkARBORN, MicH. 
he filmy blue cover whispered 
LESS off the soft curves of the 
Probe V concept car’s gleaming 
plastic skin. Even before the gauzy 
sheet had settled to the design cen- 
ter's floor, the shutters of several 
cameras were snapping hungrily. Sud- 
denly, my eyes, which had been skim- 
ming the fluid shape, were drawn to 
what looked like a shark's dorsal fin 
sticking boldly, almost annoyingly, out 
of the rear deck. Was this somebody’s 
idea of a joke? 

Ford engineers don’t consider the 
Probe's “vertical stabilizer” a joke. The 
stabilizer’s job, according to the un- 
smiling experts, is to enhance the ve- 
hicle’s stability when it is experiencing 
extreme side-wind forces. And it’s just 
one of many innovative and functional 
features incorporated into Ford’s roll- 
ing aerodynamics laboratory. Some of 
the others include: 

e Flush glass and sliding doors. 

* Space frame and thermoplastic 
skin. 

* Skirted wheel openings. 

* Turbocharged mid-engine design. 

* Eight mini-quad headlamps. 

* Telescoping instrument panel and 
heads-up display. 

€ Electronic vehicle attitude 
control. 

Ford had two objectives for the proj- 
ect. The main one was to beat Probe 
IV's already extremely low 0.15 drag 
coefficient. Probe V's drag coefficient 
is 0.137. Probe V has so little wind 
resistance that it can sustain 50 mph 


with a little less than five horsepower, 
claim Ford engineers. The second ob- 
jective was to give Probe V better road 
holding and stability. 

To achieve the low drag coefficient, 
the form of the vehicle was developed 
first. The flush glass, including the 
side glass, windshield, backlight, and 
deck lid, were then sculpted into the 
optimized body shape. It is a design 
trend that engineers promised for fu- 
ture production models. 

The fiberglass model shown in Dear- 
born is the first of three Probe V mod- 
els. Another model will be executed 
in steel at the Ghia studio in Turin, 
Italy, and will be shown at the Tokyo 
auto show. The final version, due in 
the spring, will have a steel sub-frame 
and plastic body panels similar to Pon- 
tiac Fiero's. 

Probe V's front and rear wheels are 
fully skirted. The front wheels are 
covered with a soft pliable material 
that flexes when the wheels turn. Lou- 
vers in the rear quarter panel behind 
the door are cooling air intakes for a 
midship-mounted turbocharged four- 
cylinder engine. The louvers open 
when the vehicle is in motion. Full- 
width slots in the rear of the car vent 


the air pulled in through the louvers. 
For engine access the backlight pops 
up and slides back like a fighter air- 
plane's canopy. 

Like the sliding door on the side of 
a van, Probe V's doors also pop open 
and slide back. They make entering 
and exiting the low car easier, even 
for tall drivers. 

To light the new vehicle's way, 
Ford incorporated a new type of head- 
lamp called mini-quads into the car's 
rounded nose. Each of the eight lights 
(four to a side) is about the size of a 
business card, and they are ensconced 
in a thick layer of clear plastic that 
wraps around the front of the car. 

How did Ford achieve its second 
objective—greater stability? “We in- 
corporated many air-management 
techniques from aircraft and race 
cars,” said Darrell P. Behmer, a 24- 
year-old Ford designer. “That meant 
shapes and fins that would enhance 
the coefficient of drag and stability of 
the vehicle.” 

Behmer came to Ford just weeks 
after graduation from the Center for 
Creative Studies in Detroit. John 
Betti, executive vice president of tech- 
nical affairs and operating staffs, 
claims that Behmer was able to solve 
some of Probe V’s most knotty tech- 
nical problems because “he didn’t un- 
derstand that certain things ‘couldn't’ 
be done.” 

Why is Ford exploring aerodynam- 
ics with projects like Probe? “Aerody- 
namics is a real gold mine,” says 
Donald F. Kopka, vice president of de- 
sign. “The aerodynamic design of our 
cars has alone contributed one-and-a- 
half miles per gallon to our Corporate 
Average Fuel Economy [CAFE]. If you 
consider that it costs about two bil- 
lion dollars to achieve a one-mile-per- 
gallon saving through down-sizing or 
replacing power trains, aero’s one-and- 
a-half-mile-per-gallon contribution 
represents a three-billion-dollar cost 
reduction.” And beyond the fuel sav- 
ings, proper aerodynamics enhance en- 
gine cooling, reduce wind noise, and 
improve road holding. Concept cars 
serve two other important functions, 
says Kopka: They give management 
the opportunity to live 10 years in the 
future, and they give Ford an oppor- 
tunity to do consumer research with 
real products. 
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With 
bug-eye 


helmet, 


pilot 


plane 
obeys 


By BEN KOCIVAR 


fighter plane breaks into enemy 
Az The pilot is flat on his 

back, his arms tight to his sides 
—the only way to withstand high-g 
maneuvers. But everything he needs 
to see —including the controls and the 
scene outside the cockpit—is projected 
onto the inside of his helmet's mon- 
ster lenses. He scans the picture, look- 
ing for a symbol of the primary target. 
A glance at the weapons indicator ac- 
tivates the “Select” button. Now he 
ready to attack. “Lock on," he whis- 
pers, and a switch automatically flips. 
A pause, then, “Fire.” 

An outlandish scenario drawn from 
comic-book adventures? No. Now 
theres a remarkable helmet called 
VCASS, for Visually Coupled Airborne 
Systems Simulator, developed at 
Wright-Patterson Air Force Base, in 
Ohio. The helmet recreates scenery, 
controls, and other flight data—just 
inches in front of the pilot's eyelashes. 
And it enables command of an aircraft 
by voice, pointing (with the aid of a 
sensor sewn into a glove), or looking 
at specially designed switches. 

VCASS was originally conceived as 
an inexpensive flight simulator, but it 
may prove essential to next-generation 


38r | POPULAR SCIENCE 


speaks, 


fighters. “The trend of future super- 
sonic aircraft is to have small cockpits 
with reclining seats,” says Thomas 
Furness, VCASS program manager. 
‘These are designed to help pilots with- 
stand the high-g forces of advanced 
combat maneuvering so they don't 
black out. With the pilot reclined, he 
can't see a conventional cockpit panel 
VCASS will get the information to 
him." 

VCASS has a one-inch-diameter 
TV picture tube with high resolution, 
contrast, and brightness. "Signals 
come into the TV from any source on 
the aircraft, such as scan-converted 
radar, low-light TV, and computer-gen- 
erated information," says Dean Koci- 
an, project engineer and designer of 
the tube. He also designed the optics 
package, which converts images from 
the TV tube into a three-dimensional, 
panoramic 120-degree picture that's 
projected on the helmet's bug-eye 
lenses. 

That picture changes to follow the 
movements of the pilot's head. Pulses 


With the VCASS, a pilot sees a display 
of symbols for weapons, targets, poten- 
tial threats, and controls superimposed 
on the outside scene. A lightweight ver- 
sion of the 3-Ib. helmet may be used in 


Army helicopters. 


from an electromagnetic source behind 
the cockpit seat are picked up by sen- 
sors on the helmet, which give the 
computer data on the location and po- 
sition of the pilot's head. The optics 
then project the corresponding images. 

Only a fraction of the over 100 
cockpit switches are designed to be 
activated by voice or eye or hand move- 
ment. *You wouldn't replace each 
switch in the cockpit with one repre- 
sented in the VCASS that can be spe- 
cially activated, although you could," 
says Kocian. "You have to be selective. 
For example, only short verbal com- 
mands, such as selecting a radio-sig- 
nal frequency, can buy a performance 
increase. And to give a pilot visual 
feedback so that he knows which 
switch he's tripping, you can mark 
those switches with a cursor" us 


ONE OF THE FEW ROAD MACHINES 
THAT PERFORMS AS WELL AS OURS. 


INTRODUCING SPECTRUM 2. 
"THE NEW STANDARD FOR HIGH 
PERFORMANCE RADAR DETECTORS. 


Under this unit’s sleek exterior 
lies the power of unprecedented 
sensitivity. 

What separates Spectrum 2 from 
all the rest, however, is its unique 
warning system. A combination of 
an audible alarm and a numeric 
display — a readout between 1 and 9 
that visually tells you when you 


_have locked onto police radar and 


how quickly you need to react. 
photo cell automatically dims or 
tens this display to make it 
ler to read in any light. 
Spectrum 2 also boasts a micro- 
r which reports a separate 
warning for X and K bands, allows 


you to set your alarm's initial 
response level to avoid annoying 
false alarms, and controls many 
other functions — all with the mere 
touch of a single button. 

Or you can simply plug your unit 
in and drive. 

This is truly radar detection engi- 
neering at its finest. And Spectrum 2 
is backed by an exclusive 3 year war- 
ranty. The most comprehensive ever. 

For a free brochure or informa- 
tion on where to purchase Spectrum 2, 
call 1-800-531-0004. In Massachu- 
setts call 1-617-692-3000. 


SpECTRUM & 


Computerized gas pedal 


throttles wheelspin 


A smart gas pedal equipped with its own computer is being developed to take over the job 
of familiar accelerator control cables in cars. The new device will also allow cruise control, 
speed and rpm limits, and automatic traction control to be programmed right in. 


Drive-by-wire system (above) consists m 


of a pedal-position sensor, throttle ac- 
tuator, and computer control unit. As 


By TOM WILKINSON 


tamp on your car’s gas pedal, and 

the accelerator control cable 

(you’ve seen it snaking out 
through the fire wall into the engine 
compartment) mechanically transmits 
your foot’s motion to the throttle but- 
terfly, thus revving the engine. Sim- 
ple, right? Well, not simple enough to 
avoid being computerized. In a few 
years, say engineers from West Ger- 
many’s Robert Bosch GmbH, the me- 
chanical throttle linkage found in 
most motor vehicles will be replaced 
by an electronic system that consists 
of a gas-pedal-position sensor, a small 
computer, and a little electric motor 
to operate the throttle valve. 

The first application of the drive- 
by-wire system, they say, will be on a 
West German bus, where it will re- 
place a mechanical linkage that ex- 
tends from one end of the bus to the 
other. A German passenger-car man- 
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THROTTLE-VALVE SENSOR 


THROTTLE |! | 


ACTUATOR | | 


the pedal is depressed, the position sen- 
sor signals the actuator, via the com- 
puter, to open the throttle valve. 


ufacturer is expected to install the sys- 
tem in a 1986 model, and Bosch believes 
U.S. auto makers will adopt it by the 
1988 model year. 

The concept is not totally new—fly- 
by-wire systems have been used on 
fighter aircraft. But in cars, is drive- 
by-wire a solution looking for a prob- 
lem? Not really, because the new elec- 
tronic accelerator system will be able 
to do more than merely avoid the fric- 
tion and slop associated with today's 
mechanical throttle linkage. 

Most important for car makers, it 
will make possible a simple but so- 
phisticated electronic traction regula- 
tion system with the built-in ability 
to prevent wheels from spinning out 
of control on slippery roads and dur- 
ing too-fast accelerations. When wheel- 
rotation sensors—the same used by 
the new anti-lock braking systems 
[PS, Nov. ’84]—monitor very rapid 
wheelspin, they alert the computer, 
which signals the motor to back off 


on the throttle until the wheels slow. 

Bosch engineers consider it an eco- 
nomical alternative to costly four- 
wheel-drive systems. “For anti-spin, 
you need this feature," Karl-Heinz 
Volz, marketing manager of Bosch's 
Division 4, explains. “You must be 
able to override driver impulse." 

Other new features made possible 
by the drive-by-wire system include 

* A cruise-control mechanism built 
right into the accelerator electronics 
that would replace the current sys- 
tems, which employ vacuum motors 
to actuate the throttle. 

* Improved engine idle regulators 
that automatically compensate for the 
power drain of air conditioning and 
power steering systems, thus eliminat- 
ing the need for throttle kickers 
—solenoids that speed up the idle so 
the load doesn't stall the engine. 

* Engine warm-up controls that 
would replace electrical or vacuum 
motors that control the idle speed just 
after start-up. 

* Integrated speed-regulation func- 
tions that protect the engine from ex- 
cessive speeds, a task now often per- 
formed by interrupting fuel flow and 
ignition sparking. 

* A fuel-saving device that would 
override “lead-foot” drivers who stomp 
on the gas pedal at every green light, 
by allowing the engine to attain peak 
power and then holding it. 

There are three major parts to the 
system: 1) An accelerator pedal sen- 
sor that picks up the position of the 
pedal, which also has a kick-down sen- 
sor for downshifting into a passing 
gear and a spring that provides resis- 
tance to the pressure of a driver's foot. 
2) A small electric motor that oper- 
ates the throttle blade or control lever 
on a diesel fuel-injection pump. 3) A 
small computer that can be pro- 
grammed to transmit movement di- 
rectly to the throttle blade, or can 
modify the driver’s commands based 
on information from other sensors in 
the vehicle. 


Reel smart 


Reel in the fishing line, and the LCD 
on Daiwa's PTIOE reel show curved 
graph divided into nine bars. That 
means you're retrieving the line at a 
speed of nine ft. per sec. The numbers 
show the reel is loaded with eight-Ib. 
line and the lure is 52 ft. out. 


Fishing has always been an inexact 
Science fraught with variables—ques- 
tions like: How far am I casting? How 
deep is my lure? How far out did that 
last fish hit? Daiwa's computerized 
reel [^What's New,” PS, Dec. '84] helps 
answer these questions and some you 
may not have thought of. 

Tiny touch pads let you program 
the reel for line length and type. 
Every time you cast, the tiny computer 
counts the revolutions of the spool 
and calculates how much line you've 
thrown out. The distance—in feet— 
reads out on a liquid-crystal display 
atop the reel. 

As you reel in, the distance display 
counts down, and your rate of re- 
trieval is displayed—in feet per sec- 
ond—in a miniature bar graph. If 
you hook a good fish and it takes line, 
the reel keeps you posted on its dis- 
tance from the boat, and even how fast 
it is running. 

A beeper (optional) sounds once a 
second after you cast so you can ac- 
curately count how many seconds you 
let your lure sink. This helps you 
work your lure at a uniform depth. 
The alarm also beeps every time you 
crank in 10 feet of line; this feature 
enables you to monitor your speed 
without watching the LCD. In my 
tests the reel's electronics worked per- 
fectly—that is, until the two silver- 
oxide batteries died. But the reel still 
functioned. 

Will the reel ($189 in Sears' boat- 
ing and fishing catalog) help you catch 
more fish? That depends on how well 
you use it.—A. J. Hand 


PTIICETI.DL DIL 

Beaches. Lakes. Mountains. Historic cities 

I and inns. Along with great dining, bountiful | 
shopping and time to be friendly 
Thisyear make it South Carolina. Send for l 

your free 64-page full-color Vacation Guide. l 


Name 
c Zip. | 


Mail to: South Carolina. Room 426, Box 78. Columbia. SC 29202 


State. 


I 
| 
| Smiling faces. Beautiful places. | 


BUILD YOUR OWN 
CUSTOM HOME AND SAVE! 


— Eliminate the middlemen's profits _ 
8.4% APR* construction financing 


Hi 
Er NN 


$53,650** 


Grandview | Victorian 


Personalized Custom Designs [sevo FOR OUR FULL-COLOR CATALOG TODAY! 
No Down Payment | Please send me (check one): 

8.4% APR" Construction Financing for 66-page, full-color catalog (please en- 
qualified buyers | — close $3.00 check or money order.) 
Low Monthly Payments FREE color brochure 

Step-By-Step Instructions, "How-to" Yes, l'm interested in attending a FREE 
workshops and video tapes information seminar in my area. Please 
E Framing Assistance available for have my Miles representative contact me. 
qualified buyers 


Have questions? Attend a FREE informa- 
tion seminar and ask about our program 
with NO OBLIGATION 

Call 24 hrs. 1-800-542-4900 Ext. 82 


Offer 


I 
| 
| Name 
peso 
l Ci State Zip 
| Prone 

Land: ^ Own Making Payments Looking 
I | plan to start building (Mo/Yr) 
l Combined eame: z 
| 
I 
| 
I 


ng tl rea numb 


odec 


$35,000-$45,000 
$18,000-$26,000 $45,000-$50,000 
$26,000-$35,000 Over $50,000. 


Miles Homes 4x 


4700 Nathan Lane, P.O. Box 9495 
Minneapolis, MN 55440 


* APR means Annual Percentage Rate. Interest 
rate varies in some states. 

** Prices vary in some states. Home prices above 
based on existing basement and include basic 
home package. Electrical, heating and plum- 
bing systems are optional. (See specification 
sheet for complete details.) 
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Fluke 70 Series Analog/Digital multi- 
meters are like money in the bank. Buy 
one, and you're guaranteed to save both time 
and money, 

Money, because you get longer battery life 
and longer warranty coverage — 3 years vs. 

1 year or less on others. 

And time, because 70 Series meters are 
easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
Sticker price. And take a closer look at the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 77. In the long run, they'll. 
Cost less, and give higher performance, to0. 

And that, you can bank on. 

For a free brochure, and your nearest distrib- 
utor, call toll-free 1-800-227-3800, ext. 229. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 


© 1985 Fluke 


e 
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Digitized sight 


for your computer 


Snap. An instant picture of me. But 
this one's not on film. It's captured in 
my personal computer, and I can save 
it on a disk, print it on paper, add it 
to a word-processing document, or 
even edit it on-screen before sending 
it to a friend via a modem. To do all 
that, I've been using one of the new 
low-cost (under-$500) video digitizers 
now available for a variety of comput- 
ers, including the IBM PC, Commo- 
dore 64, and Apple IIe and Macintosh. 

The typical video digitizer, such as 
the Magic digitizer (New Image Tech- 
nology, 10300 Greenbelt Rd., Lanham- 
Seabrook, Md. 20706) shown above, is 
a box or circuit board that connects 
between a video camera (which is not 
usually included) and your computer. 
The digitizer receives a video image, 
converts it to binary data, and sends 
it to your computer. The whole picture- 
taking process is nearly automatic 
and takes from two to 20 seconds, de- 
pending on the system. 

All low-cost digitizers produce black- 
and-white pictures only, even if you 
use a color camera and a computer 
capable of producing color. The reso- 
lution of the digitized image depends, 
first, on the camera and its lens: The 
better they are, the sharper the pic- 
ture. The resolution also depends on 
the computer. For example, the Apple 
Ile, which has a maximum screen res- 
olution of 280 by 192 picture elements 
(pixels), can't deliver the same sharp 
pictures as its cousin Macintosh, 


which has a maximum resolution of 
512 by 342 pixels. 

Once you've taken a picture with a 
digitizer, what do you use it for? 
Making computer portraits is one ap- 
plication. Snap a picture of the fam- 
ily, and use your computer to print this 
year's Christmas cards. Don't like the 
portrait? Shoot again or edit it. Once 
the digitized image is in the computer, 
you can easily retouch it by using a 
paint program such as PC Paint (for 
the IBM PC) or MacPaint (for the 
Macintosh). 

For more serious work, many word- 
processing programs let you combine 
text with pictures. Don't describe the 
new mousetrap you've just invented 
—take a picture of it, and "paste" it 
into the document. Or use the digi- 
tizer as an inexpensive facsimile de- 
vice. Take a snapshot of a drawing or 
photograph, and with the help of a 
modem and telecommunications pro- 
gram, send the digitized picture to a 
colleague via phone line. Once the pic- 
ture is received on the other end it 
can be viewed on screen, printed, or 
even revised and sent back to you for 
approval. The transmission is usually 
far less costly—and far faster—than 
an overnight delivery service. 

Finally, one application is open to 
your imagination. Most digitizers can 
accept a signal from any standard 
video source. That means you can 
digitize pictures from your VCR or 
videodisc player.—Gordon McComb 


Finally—a portable that matches 
the performance of a desktop com- 
puter, Our new Tandy 600 features 
a 16-bit microprocessor, an 80- 
character by 16-line display, a built- 
in 31/2" disk drive that stores 360K 
of data and 32K RAM (expandable 
to 294K*). 


Five Resident Applications 
With Tandy 600's larger display 
and memory, Multiplan spreadsheet 
analysis can hold more information. 
Word processing is as easy as using 

MS-Word. You'll have quicker ac- 
cess to documents and better stor- 
age with the built-in disk drive. File 
is an electronic data base for names 
and addresses, expenses, client bill- 
ing, inventory and more. And you 
can keep a large number of differ- 
ent files on the pocket size disk- 
ettes. With Telecom and the Tandy 
600's built-in modem, you're able 


DT 


The new 


bl (hae a | 
te ‘ 


to communicate with other com- 
puters over phone lines. Telecom 
will even dial the phone number of 
anyone listed in the File program. 
Calendar helps you keep track of 
daily tasks and activities. 


The easy-to-learn resident Sys- 
tem Manager lets you run each ap- 
plication, exchange information 
between applications and manage 
the files created. You can even set it 
to turn itself on for unattended op- 
erations. And you can add BASIC 
language ROM (26-3904, $129.95) 
to write your own programs. 


Tandy...Clearly Superior™ 

If you’ve been looking at porta- 
ble computers, compare them with 
the Tandy 600 (26-3901, $1599). 
You'll be amazed at what it can do! 
Visit a Radio Shack Computer 
Center today. 


A breakthrough 
in portable 
computing power 
and versatility. 


disk-based 
Tandy 600. 


tf, 


Available at over 1200. 
Radio Shack Computer Centers and at 
participating Radio Shack stores and dealers. 


Radie Shaek 


COMPUTER CENTERS 


A DIVISION OF TANDY CORPORATION 
LILAL B D E | 


E Send Me a Free T 
* Tandy 600 Brochure. 


J 


Radio Shack, Dept. 86-A-604 
300 One Tandy Center 
Fort Worth, TX 76102 


Name. 


Company 


——————— 
City. 

State. 

Zip. 

Phone. 


TTTITTT 


mae um mu M NS MED GP (AB 
CUTTTTTTI. 


"RAM upgrades are in banks of 96K each (26-3910, $399.95). Prices apply at Radio Shack Computer Centers and participating stores and dealers. Multiplan and MS-Word/TM Microsoft Corp. 
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NISSAN 3002X TURBO 0—60: 6.7 sec. 


CHEVROLET. CQ 


Road munchers (left top to bottom): 
surges through the low-speed test. M 7 also swiv- 
els through the low-speed grid. Chevrolet Corvette lines up 
for a 6-sec. blast to 60 mph. Porsche 944 turbo (above right) 
uses 142 ft. of brake lane for its first 60-to-0-mph stop. (The 
time below each vehicle is its single fastest run.) 


00ZX turbo 
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These are the Olympic athletes of autodom. 
As a group they run faster, stop shorter, and 
handle better than anything PS has ever 
tested. Chevrolet Corvette, Porsche 944 
turbo, Nissan 300ZX turbo, and the new 
Mazda RX-7 blew through our acceleration, 
braking, and handling tests as if they were 
out for a Sunday ride. In the process they 
shattered several high-performance records. 


By JACK KEEBLER 
Photos by Greg Sharko 


in the car business. We're actu- 

ally in the entertainment busi- 
ness." That's what Ferdinand Porsche 
told one reporter trying to fathom the 
special appeal of his sports cars. And 
if you've never fully understood sports 
cars, perhaps that enigmatic state- 
ment sheds some light on the group 
PoPULAR Science tested this month. 


Ys missed the point. We're not 


POPULAR SCIENCE CAR TEST $204 
Total cars tested to date: 736 


ERFORMERS 


On a cool morning late last year the 
PS crew was entertained for several 
hours on a windy taxiway at Stewart 
Airport in Newburgh, N.Y. We then 
took the cars on the road to learn what 
they're like to use every day. 

The cars showcase a variety of en- 
gine technologies: a rotary, a tur- 
bocharged four and V6, and a fuel- 
injection V8. The chassis also reflect 
different engineering approaches. The 
result is a group of performers, each 
with a unique personality. 


Although the 1986 RX-7 is all new, 
Mazda chose to install essentially the 
same 13B fuel-injection rotary used 
in last year's RX-7 GSL-SE. Its excel- 
lent responsiveness and characteris- 
tic snarl provide an exciting backdrop 
to every up or down shift. And al- 
though the RX-7 brought up the rear 
in our acceleration tests, it could 
hardly be described as slow. Still, in 
the rarefied atmosphere of six-second 
zero-to-60-mph times, its eight-second 

Continued 


MARCH 1986 | 43 


"Thanks to his Army ROTC Scholarship, Carl Gebo isnt just going to colle; 
Hes going to the college of his choice. 

Army ROTC Scholarship winners receive full tuition, educational fees and 
allowances for textbooks. And are paid up to $1,000 a year. 

As an Army ROTC student, you can earn both a college degree and 
an officers commission in the U.S. Army. And graduate with the management and 
leadership skills needed to turn these credentials into a successful career, civilian 
or military 

For more information about the scholarships that can pay for college now, and 
pay off in your future career, write Army ROTC, Dept. LX, PO. Box 9000, Cl 
NJ 07015-9974. Be all you can be. 


DRAWINGS BY RUSSELL VON SAUERS 


Hot performers Continued 


sprints paled. Mazda says we'll have 
to wait until mid-year for a quicker 
turbocharged version. (The zero-to- 
60-mph times in the PS test results 
represent an average of two runs.) 

The three-liter V6 in the Nissan 
300ZX is a paragon of smoothness and 
quiet. In fact, this engine is so refined 
that Nissan uses the same six-cylinder 
(without turbo) in the Maxima—its 
flagship luxury sedan. But the 300ZX’s 
engine does have a flaw: It is heat sen- 
sitive. As the Nissan V6 gets hot, per- 
formance drops off. The 300ZX ran its 
quickest zero-to-60-mph time on its 
first run, a sizzling 6.7 seconds. Its 
fourth and final run to 60 took 7.65 
seconds, almost a full second differ- 
ence. Nissan should consider either an 
intercooler or a revision in the under- 
hood layout to prevent the problem. 

With the Corvette's 350-cu.-in. V8, 
eyeball-flattening torque is just a toe 
tap away in any gear. Unlike most 
sports-car engines, which tend to be 
peaky, the fuel-injection 350 packs a 
Rocky Balboa-style wallop of torque, 
even down to 2,000 rpm. To handle 
that power, Chevy installs a special 
four-speed manual transmission. A 
button on top of the shift handle lets 
you activate an overdrive gear when 
second, third, or fourth gear is se- 
lected. The only real problem with this 
transmission is a tremendous amount 
of gear whine. I also have a minor 
quibble with the shifter. It sounded 
and felt like a broomstick handle in 
an empty bucket. 


I 


944 TURBO| 


It's hard to believe that the 944 
turbo has only a four-cylinder under 
the hood. The 2.5-liter power plant, 
which makes better than 200 horse- 
power, suffers none of the peakiness 
or throttle lag usually associated with 
small turbocharged engines. Not quite 
as torquey as the Chevy V8, this four 
still displays an unexpected bounty of 
low-rpm elasticity. 

Transferring the power to the 
ground is a five-speed transaxle lo- 


cated between the rear wheels. Using 
this gearbox's excellent shifter is a 
bench-mark experience for anyone fa- 
miliar with the wide-ranging shift 
quality in manual transmissions with 
sporting pretensions. Another pleas- 
ant surprise is the lightness of the 
clutch. The 944 clutch also was im- 
pressive during our acceleration runs. 
I found that low-rpm clutch drops 
produced a prodigious amount of 
wheel hop and slow times, so I finally 


Corvette 
Acceleration (sec.) 

0-30 mph 210 

0-40 mph 325 

0-50 mph 463 

0-60 mph 626 
Brake test (cool) 60-0 mph 

Stopping distance (ft) 141 

Pedal pressure (Ibs.) 120 
Brake test (hot) 60-0 mph 

Stopping distance (ft.) 127 

Pedal pressure (Ibs.) 125 
interior noise (@ 60 mph (dBA) n 
Handiing test (mph) 727 
Maneuverability test (mph) 324 


Major options (over $100) 'Delco/GM/Bose music 
sixway seat $225, speed control $185, power locks $175, defogging system $165, electronic air conditioning $150; 
 package/sport tuned suspension $1,000; "leather/electronics package $2,350 


Continued 
TEISTE: = 
Mazda Nissan Porsche 
RX-7 300ZX turbo 944 turbo 
284 241 213 
420 387 324 
621 543 4.58 
846 696 595 
167 126 142 
40 20 140 
154 174 167 
30 75 110 
72 68 69 
727 700 712 
336 324 330 


ic system $895, 251 handling package $470, graphite leather seats 


1 GRID BLOCK - 1 SQ. FT. 
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NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 
* The Next Step to Take if a Manufac- 
turer Shows Interest 
LI ipprozimaie Royalty Rates Man- 
ufacturers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 

Patenting 
Our reason for giving away information 
we've gathered over our 26 years in this 
business is simply that we hope you 
read it and employ us at our reasonable 
fee rather than do it yourself. But that 
will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
okle will show you how to do it your- 
self. 

Use the coupon below. We’ll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp., Dept. D-71 Fre- 
mont, Ohio 43420. 


r MAIL THIS COUPON 1 


Mr. K. O. Kessler, President 1 
Kessler Sales Corporation 

Dept. D-73 Fremont, Ohio 43420 L| 
Please mail me the FREE booklet explaining 
how to go about selling my invention. This y 
does not obligate me in any way. I am enclos- 
ing $1 for postage and handling. so rush the Ù 
booklet by return mail. 


Name. 

Street Address. 

City. Sta Zip. 

ko m m m m m m eee eee 
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Lans 


Hot performers continued 


settled on slipping the clutch at a 
5,500-rpm engine speed. This produced 
rocket fast launches with virtually 
no wheel hop. Surprisingly, the clutch 
seemed no worse for the extra abuse, 
despite its low-effort feel. 


Ultimate handling 


It took less than a mile at the wheel 
of the new RX-7 to realize that the 
new car's suspension is more commu- 
nicative than the old. Theres more 


PS ratings— 
| test report in a nutshell 
The ratings are based on test results and 
measurements. Results should be read with 
the understanding that they reflect tests 
only on our sample cars. An excellent rating 
is 5 points; very good, 4; good, 3; fair, 2; 
poor, 1; very poor, O. 


Porsche 944 


turbo 


turbo 


Nissan 3002X 


PS serviceability ratings 
How easy is it to service these cars? To give 
you an approximation of how difficult it is 
for a typical person to perform various serv- 
ice operations, we examine each test vehicle. | 
The numbers mean: 1, very difficult; 2, dif- | 
ficult; 3, average degree of difficulty; 4, easy; | 
5, very easy. 


| 
E | 
P à 3 | 
H "ES ES 
n $ | 
ibis iH | 
Checking fluid levels ib 
| 
| 
| 
| 
io cs RES 
5-8 
| 
2 2-5 
à 4 
Checking fuses 
Spare-tire accessibility 3 5 5 5 
Changing belts 5 3 1 


precision to the way the car tracks on 
thehighway and chopsthrough curves. 

Much of this handling magic is pro- 
vided by the rear axle's Triaxial Float- 
ing Hubs. These hubs allow limited 
amounts of both toe-out and toe-in, or 
steer, during high-speed maneuvers, 
hard acceleration, and quick braking. 
For example, as the car cuts hard into 
a curve, the outside rear wheel turns 
in toward the curve's apex. It sounds 
strange—but it works. Note that the 
Mazda tied with the Corvette for top 
honors in the high-speed lane-change 
maneuver, and it did so on the skin- 
niest tire footprint in the group (see 
spec table). 

Like German sedans, the RX-7 feels 
too firm at first. But like the Teutonic 
hardware it copies so well, the faster 
you go the better the ride feels. One 
debit in the Mazda's column is inte- 
rior noisiness. The no-frills model we 
tested seemed to have little sound- 
deadening features. 

On the track the big yellow Corvette 
handled like a go-cart. 1 found that 
even the smallest steering inputs pro- 
duced instant—and exaggerated—re- 
sults. In fact, during a particularly 
violent sneeze on the New York State 
Thruway, I twitched the steering wheel 
and the Chevrolet nearly switched 
lanes. 

On the billiard-table-smooth track 
Corvette performs brilliantly. But the 
wonderful handling stiffness of this 
car actually becomes a kidney-jiggling 
handicap on rough roads. Chevy does 
manage to soften the road blows some- 
what with a pair of cushy bucket seats. 
And if the car still handled well on 
uneven pavement, I could probably for- 
give the harsh ride. But the stiffness 
of the suspension prevents the tires 
from settling into road irregularities. 
Result: On rough corners the car skips 
to the edge of the road like a flat stone 
tossed across the surface of a lake. 

The 300ZX was the slowest in the 
high-speed handling grid, and tied for 
last slot in the low-speed handling 
test. But this is one of those cases in 
which the raw data doesn't tell every- 
thing about the car's personality. Un- 
like the other cars in this group, the 
300ZX does not sacrifice ride for ulti- 
mate handling. The Nissan suspension 
provided smooth cruising on the high- 
way and positively gobbled up New 
York City potholes. In addition, I no- 
ticed very low interior sound levels in 
the ZX. In fact, the 68-dBA reading 
was so low that I ran the sound check 
twice. 

Porsche has never been accused of 
building soft-riding sedans. And that 
reputation for tautness remains intact 
with the 944 turbo. Like the builders 

Continued 


ew! EYE-LEVEL BRAKE LIGHT 


ives YOUR CAR 1986 
TYLING and SAFETY! 


FITS ALL CARS (sedans, coupes, hatchbacks, station wagons), & 
VANS, PICKUPS—ANY YEAR, ANY MODEL—AMERICAN or 


IMPORTED, with 12 volt system. 


Astonishing Fact: Rigid testing by the 
federal government proved that the third 
brake light—mounted and functioning at 
eye-level to following drivers—reduces 
rear-end collisions by 53%. 
Astonishing Fact: predictions by the Na- 
tional Highway Traffic Safety Administration 
(NHTSA) estimate that the eye-level third 
brake light will prevent 900,000 rear-end 
collisions a year. 
Astonishing Fact: Estimates by the 
NHTSA predict that the eye-level third 
brake light will prevent 40,000 personal 
injuries a year. 
Astonishing Fact: Use of the eye-level 
third brake light can reduce vehicle 
damage and repairs by almost 60%. 
The overwhelming benefits of the eye-level 
third brake light demanded strong govern- 
ment action. So in the public interest... 
Federal Safety Regulations Now 
Require Eye-Level-Mount Brake 
Lights On All 1986 Model Cars. 
You owe it to yourself, to those who ride 
with you, and to those who drive behind 
you, to equip your car with this light as 
Soon as possible. 
Here's How It Works 
Your third brake light is mounted at eye 
level, so it is highly visible to the driver be- 
hind you...and to the second and third 
drivers behind you too! 


Bright 


To Instantly Demand Attention 


Drivers following you enjoy improved depth 
perception ...night and day...and tail- 
gaters are warned to keep a safe interval. 
A built-in logic circuit is programmed to turn 
on this light with your car's regular brake 
lights/and with your brake lights only— 
and that is very important. . . 


This light is coordinated with your brake 
lights, and positioned in the center of your 
car, so that drivers behind you cannot con- 
fuse it with turn-signal or tail lights... even 
for a moment. 


Installation of this light may even 
qualify you for a discount on your auto 
insurance. 

Easy Do-It-Yourself Installation 
Your light mounts easily INSIDE your rear 
window Tes like new cars—where it is 
protected from harsh weather, car washes, 
theft and vandalism. No need for any nasty 
drilling into your car body. NO wire cutting, 
stripping or taping either. Special splices 
are included to let you connect light wires 
to your brake-light wires ...instantly- 
... with any pliers! 

Fits ALL Cars, Trucks, and Vans 
The universal mounting bracket, pivoting 
joints, and extra mounting extension make 
it easy to position your light perfectly. You 
will enjoy easy installation in any sedan, 
hatchback, station wagon, pick-up truck, 
van, or any other American or imported ve- 
hicle with a 12-volt electrical system. Your 
light has a big 634" wide x 1%" high red 
lens, and wiring, splices and easy-to-follow 
illustrated instructions are included. 


red light turns on i 
‘nly when you press your brakes 
o it's impossible to contuse with 
yous estat or 

ai lights a 


THIS YEAR'S MOST IMPORTANT AUTOMOTIVE ADVANCE 


Third Brake Light Mounts at Eye Level 


— 
_ 


-—— 
-——— 


Satisfaction Guaranteed 

J.C. Whitney & Co. stands behind every 
brake light we sell. Each light comes wit 
our iron-clad promise to you: Complete 
Satisfaction or Your Money Back. If you 
are not completely delighted with your 
brake light... for any reason...simply 
send it back, and we will cheerfully replace 
it, or promptly refund your money, which- 
ever you prefer. 
We believe every car on the road should be 
equipped with an eye-level third brake light. 
So we are making them available 
now. .. for only $8.95 each, plus only $1.00 
for shipping your brake light anywhere in 
the United States. At this low price, you can 
order one now for every vehicle you own. 

Order Today—Delay May Be Serious 
When split-seconds can save life and 
limb—and reduce property damage too—it 
Pays to have an eye-level brake light in your 
car. Get this valuable protection for your 
car now. Simply fill in the coupon below, 
and send it in with your check, money 
order, or credit card information. 
VISA or MasterCard customers welcome. 
Simply phone (312) 431-6102... Call 24 
hours a day, 7 days a week. Order stock 
number 81—2289R. 


Paces 


JCWHITNEY(CO. ponore ~A 


P.O. Box 8411 


Tareblised 1915 
YES! Please send me (quantity) 

* No. 81-2289R Brake Li 
$8.95 each plus $1.00 each for shipping (United 
States, its possessions, A.PO. and FRO. only). Ii- | 
nois residents add 7% sales tax. Chicago residents 
add 8% sales tax. 


Chicago, IL 60680 I 
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etoutofthefastlane 
and onto our back roads. 


4 Go fishing in picturesque 

4 mill ponds and mountain streams. 
-  Discoverold bams,covered 

bridges and out-of-the-way inns. 

fake a ferry to an island 

where the people speak a foreign 

language: Olde English.Or join the loafers in Loafers Glory. 

Our colorful new travel package will tell you more. 


Name 


Address 


City State Zip 


Free North CarolinaTravel Package 


Call toll-free: 1-800-VISIT NC, Operator 377 
North Carolina Travel, Department 377, Raleigh, North Carolina 27699 


BIG PROFITS 


in Steel Frame Homes 


OWN YOUR OWN SUCCESSFUL TRI-STEEL DISTRIBUTORSHIP! 


| 
| 
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| 
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We make it easy with: 
* Low capital investment 
* No inventory requirement 
* Distributor training & support 
* Substantial discounts 
* Financing assistance 
* Advertising support 
* Construction assistance 
* Single & multi-family designs 
* Low maintenance THE HOTTEST IDEA IN 


(R-30) 


e Tremendous energy efficiency HOME BUILD- 


ING. JOIN OUR 
WINNING TEAM ~“ 
TODAY ! 


Select territories now 


* Unique patented designs 4 i s 
* Fast construction time available with a refund 


* Wide selection of floorplans able $4,950 investment. 


* Custom designs available 
* One-story, two-story, tri-level 
1 For more information 
call [800] 433-5555 or in (fi 
Texas [800] 772-5909. J 
TiSteel 


1400 Crescent * Denton, TX Structures 


©1985 All Rights Reserved. 
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Hot performers 

Continued 

of the Corvette, Stuttgart partially off- 
sets the car’s harsh ride with a pair 
of soft buckets. Porsche placed third 
in the high-speed handling test and 
second on the low-speed maneuver- 
ability grid. Its steering is light, yet 
provides plenty of road feel and flaw- 
less accuracy. There are no handling 
quirks, even when the 944 is taken 
to the outer edge of good sense and 
tire adhesion. 


Stopping power 


I think that the RX-7's longish stops 
were more a function of brake-pedal 
numbness than lack of tire or brake- 
pad bite. During the final stop there 
was plenty of grip left in both the tires 
and calipers. With more practice, I’m 
sure I could have shortened the RX-7’s 
stopping distances severely. (Note that 
the RX-7's hot stop after 12 stops from 
60 mph was 154 feet. That’s 13 feet 
shorter than its first stop.) 

The 300ZX’s stopping distances 
were surprising for two reasons: its 
dazzlingly short cold stop and its dis- 
appointingly long hot stop. Consider- 
ing the Nissan's high curb weight, the 
126-foot cold stop was a pleasant sur- 
prise. I did notice, however, gradually 
rising pedal pressure during our warm- 
up stops. In fact, the last warm-up stop 
took twice as much pedal pressure as 
the first. Clearly, the engine compart- 
ment is not the only area with a heat- 
buildup problem. 

After examining the 944's large 
vented discs and finned brake calipers 
the night before the test, I predicted 
that the Porsche and Corvette would 
be the best stoppers. In the Porsche's 
case, looks are slightly deceiving. The 
first stop was 142 feet—not bad. But 
as with the 300ZX, I noticed steadily 
increasing pedal pressure during the 
warm-up stops. Later, I learned that 
the 944's pads were heavily glazed 
from hard stopping during a press 
demonstration. Time prevented 
Porsche from replacing them before 
our test, and this may have resulted 
in the below-par performance. 

Without question the most impres- 
sive brakes in the contest were those 
on the Corvette. This year Chevy 
added a Bosch anti-lock system to the 
car's already impressive stopping sys- 
tem [PS, Nov. ’85]. The 127-foot hot 
stop conveys some sense of how good 
this braking system is. But anti-lock 
does far more than reduce stopping 
distances. One of the most important 
things it does is to virtually eliminate 
the possibility of a skid or spin. Every 
stop is brake-lane or fast-lane dead 
center in any kind of weather. 


Author's choice 
Price performance — RX-7. 


NRI training includes all the tools you need to get started. 


THREE BUSINESSES YOU 
CAN START YOURSELF. 


TELEPHONE SERVICING 


Gone are the days 
when the only job 
in town was with 
the phone com- 
pany. The new 
technology is here, with opportunity 
everywhere for the skilled tech- 
nician. NRI trains you to install, 
repair, and service even the most 
advanced electronic phones. 


Training Includes Cordless Phone 
You get test equipment like an LCD 
digital multimeter and telephone 
analyzer, a pushbutton memory 
phone to learn on and use as your 
test phone, a cordless phone to learn 
servicing and troubleshooting 
techniques, plus the NRI Discovery 
Lab, where you work with circuitry 
used in today's advanced cellular 
systems. With NRI's eight Action 
Learning kits, you get telephone 
training at home, at your conveni- 
ence. NRI training prepares you to 
set up your own telephone servicing 
business, where almost no start-up 
money is necessary, little inventory 
is required, you set your own hours 

. „and opportunities are unlimited. 


If coupon has been used, write 
NRI Schools 
3939 Wisconsin Ave. 
Washington, D.C. 20016 


A Fast Way to 
Independence 
Make good money 
making keys, even 
more repairing and 
replacing locks, 
top dollar installing home security 
systems. NRI trains you for all three 
in one complete course. 
Income While You Learn 
Includes professional key making 
machine and all the tools you need 
to start earning profits of up to 
800%, even while learning. There is 
plenty of opportunity for the trained 
locksmith in replacing automotive 
keys, changing locks in apartment 
houses and office buildings, install- 
ing electronic security systems in 
homes. NRI training and equipment 
can get you started today! 


SEND COUPON TODAY FOR FREE NRI CATALO 


Afra... 


McGraw-Hill Continuing Education Center. 
3939 Wisconsin Avenue, Washington, DC 20016 in [i 


We'll give you tomorrow. 


(Mí CHECK ONE FREE CATALOG ONLY 
Telephone Servicing 


Small Engine Servicing 
Satelite Communications. 
Data Communications 


oooo00 


C Computer Electronics à 
C Robotics & Industrial Controls 

Locksmithing & Electronic Security C TVand Video System Servicing 
CJ Electronics Design Technology 
C Communications Electronics 
C Basic Electronics 


SMALL ENGINE REPAIR 


ae Equipment from lawn 
Mitre mowers to motorcycles 
is powered by sm: 


air cooled engines. NRI 
can give you the training 
and tools you need to start your own 
business in this big demand field. 


5 HP Engine, Generator Included 


Your training includes a 5-HP 
Tecumseh engine with electronic start 
and a power generator you build while 
training. You learn to setvice mowets, 
tractors, chainsaws, weed whi 
snowmobiles, ATVs, outboar even 
motorcycles. Get all the tools you need 
for tuneups, engine diagnosis, and 

e rel uilding. NRI gives you the 

and equipment you need to 
succeed in your own profitable engine 
repair business. 


For Career courses 
approved under GI bil 


C] check for deals 


oO 

C Automotive Servicing 

C Air Conditioning, Heating, 
Refrigeration, & Solar Technology 

C Building Construction 

o 


Appliance Servicing | 
Bookkeeping | 


Name (Please Print) 


Age 


Street 


CiyStateZip 


Accredited by the National Home Study Council 
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What's New 


products/technology 


Escape mask 


Smoke Escape blocks car- 
bon monoxide and other le- 
thal gases for at least 20 
min., claims the maker. The 
mask is easily secured and 
has a fog-proof panel for 
clear vision. Distributed by 
Latom Enterprises (287 Kim- 
ball St, Woodbridge, N.J. 
07095), it's $65. 


4 4WD sports car 


Austin Rover's MG EX-E 
4WD concept sports car 
packs a 410-hp 24-valve V6. 
Projected top speed is 170 
mph. The suspension varies 
ride height with speed and 
driving conditions. A coded 
card unlocks and starts the 
car, and adjusts the driver's 
seat and outside mirror. 


Pocket microscope 5 


Flip a switch on its self- 
illuminated pocket micro- 
scopes for close-up views at 
work or in your shop, says 
Solder Absorbing Technol- 
ogy (144 Oakland St., Spring- 
field, Mass. 01108). The 4.5- 
oz, scopes are cigarette-pack 
size. A 30x magnification 
model is $19.50. 


oa 
Turbo five-door 


The Mazda 626 GT has a 
tuned intake manifold, a tur- 
bocharger, and fuel injection 
to help deliver 120 hp and 
impressive performance. To 
smooth rides, a computer 
signals an electronic suspen- 
sion, controlling chassis 
dive, squat, and roll. 


4 Shuttle modules 


Plug-in modules for space- 
shuttle bays can boost living 
and work space by 1,000 cu. 
ft., says Spacehab (Washing- 
ton, D.C.). The cylinders, to 
be ready late next year, will 
be 10 ft. long and 13 ft. in di- 
ameter. An air lock and tun- 
nel adapter connect them to 
the crew compartment. 
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Adaptable wings 


Modified wings on the 
AFTI/F-111 automatically 
change curvature for sub- 
sonic, transonic, and super- 
sonic flight. Wings remain 
smooth, without the drag- 
producing gaps of flaps and 
ailerons. The F-111 recently 
had its first test flight at 
Edwards AFB, Calif. 


Van navigator 


Mazda displayed its Telecom 
Delivery van at a recent auto 
show. The prototype 1%4-ton 
vehicle has front-wheel 
drive. A navigation system 
with video display (far right) 
shows the driver on a map 
where the box-style van is lo- 
cated. Vehicle height adjusts 
for easy loading. 


4 Mock-up copter 


A full-scale LHX helicopter 
—the Army’s mid-1990s 
multi-role aircraft—painted 
on an Apache chopper's fu- 
selage adds realism to flight 
tests. Two McDonnell Doug- 
las Helicopter (Mesa, Ariz.) 
pilots test avionics that help 
simulate maneuvers of fu- 
ture single-pilot LHXs. 


4 Future tires 


Air loss from the outer sec- 
tion of Goodyear's run-flat 
tire causes a smaller tire to 
expand and fill the void. A 
different all-in-one spare 
tire-wheel (inset) is made of 
rubber bonded to fiberglass 
and epoxy. Goodyear un- 
veiled both at its Akron, 
Ohio, technical center. 


Bumper brakes 


A touch-sensitive rear 
bumper triggers a truck’s air 
brakes as it backs into a 
car—or even someone’s leg. 
Stopping distance is less 
than 3 in. Brakes stay on 
until the driver shifts from 
reverse. Avon Backstop Div. 
(Melksham, Wilts SN12 8AA, 
England) makes the bumper. 


l 
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What's New 
in Photography 


BY ARTHUR FISHER 


Fast macro 


The Olympus Zuiko 50-mm 
Auto-Macro lens is the first 
of its kind with a maximum 
aperture of f/2.0, a consider- 
able aid to the critical prob- 
lem of sharp focusing in 
close-up photography. Max- 
imum magnification is 1:2, 
at a distance of 4.5 in. List 
price: $400. 


Auto-exposure SIR ù 


A choice of three pro- 
grammed exposure modes is 
available with the Fuji AX- 
MultiProgram 35-mm cam- 
era: P (normal), HP (high- 
speed priority), and DP 
(depth-of-field priority). An 
LED display in the view- 
finder shows which is oper- 
ating. It costs $299. 


O 
Three-motor 35 


Canon's latest addition to its 
noted T-series is this ultra- 
sophisticated 35-mm reflex, 
the T90. With three motors 
for different functions, it can 
shoot 4.5 frames per second. 
Other features include three 
switchable metering pat- 
terns and a sow-sec. shut - 
ter speed. Price is not set. 


a 


= 


EWN 

> 

Viewing aid 
This clever adapter for a 
6x magnifier accepts both 
35-mm slides and film strips. 
And the clear plastic base is 
cut away to make print spot- 
ting easier. The two-achro- 
matic-lens magnifier is $43; 
the adapter, $6. Edmund Sci- 
entific, Edscorp Bldg., Bar- 
rington, N.J. 08007. 


€— 
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Accurate spot meter 


For critical exposure situa- 
tions, a spot meter with a 
1° acceptance angle can 
be an invaluable supplement 
to a camera’s own meter. 
From Spiratone (135-06 
Northern Blvd., Flushing, 
N.Y. 11354-4063), the SP-I an- 
alog model shown is $100; a 
digital model costs $140. 


 Fancy-feature SLR 


Unusual features of the 
Ricoh KR-30SP 35-mm SLR 
include a high-precision ce- 
ramic-timed shutter with 
speeds from 16 to 2,00 sec., 
and an LCD analog control 
center that shows exposure 
mode, match needles, speed 
and aperture, and more. 


Price with f/1.7 lens: $370. 


! ACTUAL SIZE 


Radio Shack's affordable new radar detector 
with False Alert Suppression Technology 


The more you drive, the more 
you need Radio Shack's hot 
new Road Patrol XK™ with 
FAST. It has a GaAs Schottky- 


barrier diode front-end and dual- 


superhet design for incredible 
sensitivity. Plus our exclusive 
FAST circuit that dramatically 
reduces interference from other 
detectors. The combination 
gives you reliable, long-range 
protection with a minimum of 
false alarms. 

Road Patrol XK features 
Radio Shack's unique Triple 
Warning System. You can 


choose a tone, a light or both 
that pulse faster (or slower) to 
indicate the relative distance 
to radar. 

Road Patrol XK is easy to in- 
stall and easy to remove for use 
in another vehicle or storage. Its 
cigarette lighter plug and fully 
automatic polarity system as- 
sure trouble-free operation in 
any 12-volt car or truck. 

For dependable and afford- 
able "travel insurance" think 
FAST and get Radio Shack's 
new Road Patrol XK today. Ask 
for 4422-1612. Only $149.95 or as 


low as $20 per month with 
Radio Shack/CitiLine credit. 


Radio Shaek 


A DIVISION OF TANDY CORPORATION 


Mail to Radio Shack, Department 86-A-309. 
300 One Tandy Center, Fort Worth, Tx 76102 
Name 

Address 

City 


Not sold where prohibited. Use may be regulated by state or local law. Price applies at participating Radio Shack stores and dealers. 
CitiLine is an open-ended credit plan from Citibank. Payment may vary depending on balance. 


What's New 


in Home 
Improvement 


BY SUSAN RENNER-SMITH 


See-through duct ù 


The See-Vent transparent 
dryer duct lets you easily 
check for lint buildup. Why 
bother? Lint plugs can over- 
load the motor. The clear 
polyester ducting, supported 
by high-tensile wire, is UL 
listed and costs $7. Maker: 
Nemco Inc. (Box 105, Grand 
Haven, Mich. 49417). 


Stove stretcher 


Do pots crowd your stove 
when you cook? Sears’ in- 
duction cooker with its 1,300- 
W “High” setting serves as 
an extra burner. Like large 
induction cook tops, the $130 
plug-in cooker uses electro- 
magnetism to heat the pot, 
not the top. And its 50-W 
setting keeps foods warm. 


€ 
Planter light 


Your plants can thrive in 
dark corners—if you clip 
on this miniature Gro Light, 
says Zelco (630 S. Columbus 
Ave., Mt. Vernon, N.Y. 10550). 
The 6-in.-long fluorescent 
bulb substitutes for the sun, 
the maker claims. And the 
lamp's arm stretches up to 
40 in. Price: $34. 


Fancy flooring 


You almost have to touch it 
to be sure it's not marble. 
Special luminescent pig- 
ments give Congoleum's Mar- 
blesque sheet vinyl flooring 
the rich look of polished mar- 
ble. A random grain pattern 
enhances the realistic effect. 
The 12-ft.-wide flooring costs 
approximately $20 a sq. yd. 
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Radon fighter 


Replace your furnace filter 
with a MagnaStat, and you 
get a whole-house air cleaner 
for $200, says Econergy Sys- 
tems (Box 410, Slidell, La. 
70459). Two screens trap 
particles while an advanced 
activated-charcoal filter 
removes gases—including 
radon—the maker claims. 


€ Heater throttle 


Unlike most thermostats, Power 
Pulse doesn't cycle its resis- 
tance heater on and off. In- 
stead it constantly sends 
the heater the exact current 
needed to maintain the set- 
ting. The $50 unit cuts en- 
ergy costs up to 21%, says 
Intertherm (10820 Sunset Of- 
fice Dr., St. Louis, Mo. 63127). 


€ 


Energy saver 


With a Seasonal Energy Ef- 
ficiency Rating of 11.3 to 
12.0, the Coleman T.H.E. II 
heat pumps are among the 
most efficient on the market, 
the maker says. Four mod- 
els range in size from 1.5 to 
three tons and in price from 
$2,350 to $2,950. 


McGraw-Hill's Home Improvement and 
Remodeling Series makes you the pro, 


saves you 
thousands! 


Now McGraw-Hill takes the 
mystery out of even the most 


complex do-it-yourself project. 


Benefit from professional advice and 
expert know-how. 

Remodeling is more popular than ever 
before. This year, Americans will spend a 
record $52.1 BILLION for millions of bath- 
rooms, decks, kitchens, room additions 
and other home improvements. 

That's why the home improvement 
experts at McGraw-Hill have developed a 
new Series to help home owners select the 
remodeling projects that will give them the 
best payback. . .in both money and 
enjoyment. This 15-module Series will help 
you beat the high cost of construction as 
you increase the value of your home. 


You'll get enormous savings because 

you're in control 

It's a fact! Over 6096 of a contractor's bill 

oe directly to labor and profits. A typical 
4000 renovation costs only about $1600 

in materials. Now, thanks to this new 

Series, you can put that $2400 difference 


in your pocket 
Exclusive scale- or use it to 
oe build make your 
a pres really 
you irst-class— 
mises with better 


materials and 
work that's 
done right. 
Because 
you did it! 


Exclusive three-part approach makes 
youan "experienced" home improver 
Each of the 15 modules in the Series com- 
bines three essential elements to give you 
home improvement know-how in the fast- 
est, easiest, most economical way possible. 


1. Richly illustrated texts give you 
step-by-step instructions. 

These simple, easy-to-follow manuals 
include precise instructions on how to doa 
job right. . .from start to finish. 


Text, fapes and scale-model projects combine to take you from novice to 


vs | 


2. Action Audio cassettes let you in 
on time-saving, money-saving tips 
from the pros. 

These tapes are full of the best hints and 
secrets professional remodelers use to 
make each job go smoothly. 


3. Exclusive scale models build 

your confidence. 

By building your scale models and other 
hands-on projects, you'll gain priceless 
self-confidence. You'll know that you'll 
build your full-size project right because 
you've already built it to scale and learned 
to avoid costly mistakes. 


You'll learn everything you 

need to know 

The modules will teach you to do all of today's 

most-wanted home improvements: install 

kitchen cabinets * improve energy efficiency 

e enlarge an existing deck * improve or add a 
bathroom * add a sunroom * build an 

addition or move a wall to enlarge your 


A living space * and more! 


A 


With your very first module, Decks 
and Patios, you'll build an actual deck 
addition to scale. You'll learn to set foun- 
dation posts, run stringers, build steps, 
estimate materials, and get the best buys 
on lumber. There's even a section on 
custom-designing deck plans to make your 
house look its very best. 


Now everyone can do it themselves 
and save! 

McGraw-Hill will help you join the thou- 
sands of smart home owners who've dis- 
covered the personal and financial rewards 
of "moving up without moving out." 


Start With Decks and Patios—15-day 
trial examination 
Just send the postcard today! When your 
first module arrives, examine it and see for 
yourself how clearly the text covers every 
aspect of deck construction. Listen to the 
pro tips on the Action Audio cassette, and 
even begin your scale-model deck project. 
You'll also receive a valuable FREE 
booklet, “Smart Money in Home Improve- 
ments"—a planning guide to getting the 
maximum return on your home improve- 
ment investments. It’s our gift to you, to keep 
even if you decide to return your first mod- 
ule within the 15-day examination period. If 
the Series is not all we say it is, simply return 
the first module. . . there's no obligation and 
you'll receive no further modules. 


Act today and start learning to save big 
on every home improvement! 


If another do-it-yourselfer has beaten you 
to the card, write to: 


M 


Center 
Hil | 3939 Wisconsin Avenue, NW 
LI Washington, D.C. 20016 


McGraw-Hill 
Continuing Education 


Come to where the i 
tis 


larlhary 
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SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy 


16 mg "tar; 1.0 mg nicotine 
av. per cigarette, FTC Report Feb.'85 


What's New 
for Your Car 


BY JACK KEI 


Two for trucks 


The Crown 190's wedge pro- 
file (top) ensures good fuel 
economy and head room, 
says Leer (58288 Ventura 
Dr., Elkhart, Ind. 46517). 
Leer’s Privacy Pack option, 
aheavy 31% tint for windows 
and black anodized window 
frames, screens out sun and 
conceals contents. Price: 
$775. Not enough room in 
your pickup for everybody? 
The 2nd Seat’s twin telescop- 
ing steel spars attach to tie- 
downs on the truck’s bed 
rails and wheel wells, creat- 
ing a rigid frame for the seat- 
ing system. Fryford Corp. 
(30052 Running Deer Lane, 
Laguna Niguel, Calif. 92677) 
says it stows behind the front 
seat. Price: $229. 


Black-box reader 


The Analyst 1 plugs into a 
vehicle’s diagnostic connec- 
tor to provide instant access 
to fault codes and test data. 
Micro Processor Systems 
Inc. (7641 19 Mile Rd., Ster- 
ling Heights, Mich. 48078) 
says it will read all 1981—'86 
Ford and 1983-’86 Chrysler 
on-board computers. $120. 


Solar charger 


If you leave your car sitting 
for long periods, you may re- 
turn to find its battery dead 
or seriously weakened. That 
won't happen if you plug the 
$39 Maintainer solar panel 
into your cigarette lighter, 
claims Solar Electric Engi- 
neering (405 E. D St., Peta- 
luma, Calif. 94952). 


i" 


4 Coded radio 


The Philips DC751 radio 
isn’t worth stealing: It won’t 
work if it’s removed from 
your car. Punch in your 
three-digit security code: If 
the power to the radio is dis- 
connected, the operating 
code is lost. Maker: Philips, 
Box 523, 5600 AM Eindhoven, 
Netherlands. 


No-gutters rack 


Do you have an aerody- 
namic vehicle with no gut- 
ters on which to install a 
roof rack? Mill Accessory 
Group (Eaton Bray, Beds 
LU6 2JH, England) says its 
load-bar kit with no-scratch 
feet clamps to the roof as se- 
curely as a conventionally 
mounted rack. 


MARCH 1986 | 61 


What's New 


in Tools : 
= 

BY V. ELAINE GILMORE z 
A 


Thin-kerf mill 


The $3,995 Wood-Mizer 
LT20's band-saw blade 
leaves only a 'Ae-in. kerf, so 
you get more lumber from a 
log. The sawmill can cut 
boards up to 24 in. wide and 
16^ ft. long, yet it fits in a 
mini pickup. Laskowski En- 
terprises, 8180 W. 10th St., In- 
dianapolis, Ind. 46224. 


E 


a 
Solder to go 


With a flick of the built-in 
flint, you can fire up this bu- 
tane-powered soldering iron, 
and work for 1 hr. on a fill. 
The tip, a flameless catalytic 
converter, heats in 30 sec., 
says Boardworks (Box 1678, 
Covina, Calif. 91722), which 
imports the Portasol ($25) 
from Ireland. 


Reacher 


Drill-X-Tend adds 12, 18, or 
24 in. of reach to any drill, 
notes MacGregor Mfg. (223 
Springdale Ave., York, Pa. 
17403). You put your drill in 
the tool, and a chain drive 
transfers power from it to 
the %-in. chuck. The three 
sizes are $79.50, $94, and 
$100.50; the handle: $20. 
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4 British big mouths 


One hand is all it takes to 
open, clamp, and release 
these big-bite Lockgrip 500 
pliers from Facom Tools Ltd. 
(Bridge Rd., Chertsey, Sur- 
rey KT16 8LJ, England). 
They apply a one-ton clamp- 
ing force, it's claimed, and 
come in seven sizes, with 
jaw openings from 2 to 5.7 in. 


4 Bargain bench 


You can own a European 
beechwood workbench for 
less money than you may 
think. Woodcraft Supply 
(Box 4000, Woburn, Mass. 
01888) sells the 46%-in.-long 
Handyman for $235 and the 
76'4-in. Craftsman for $345. 
Both have shoulder and tail 
vises, tool trough, drawer. 


Wrap clamp 


How do you clamp the 
shards of a china cup while 
the glue dries? Or a sole 
you're cementing to a shoe? 
Carrollton Corp. (70 Carroll- 
ton Ave., Elmira, N.Y. 14905) 
suggests Snug, a stretch-plas- 
tic strip that sticks to itself. 
Snug ($4 for 20 ft.) also can 
sub for tie-downs. 
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You'll actually see 
the improvement. 


For Example: 
1. 1'2hp motor develops nearly 3hp while 


Shopsmith® motor is 1%hp developing 2hp. 
2. Motor can be altered by owner to 220V. 
Shopsmith® does not have this option. 
3. In more than 85% of the comparisons, the 
Shopsmith® machine is priced higher than 


the Tofal Shop machine. 


Let us send you 11 more reasons 
Total Shop is a better buy. 


Attention Shopsmith® Owners: 
Call today for our accessory brochure 


and save money. 
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TS 15-6 Planer 


* 110 V or 220 V 
* Stand & dust 


collector available 
e 2 HP or 5 HP motor our product at work 


* 15" width, 
6" thickness 
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created an in-home / 
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VIDEO. 
e The first of its kind! < 
* 30-min. presentation of the 
Total Shop and the TS 15-6 
Planer. 
* In-home viewing. 
e $20.00 refundable deposit. 
* Available in VHS and Beta. 
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before you buy. 


P.O. Box 16297/Greenville, S.C. 29606 


Your Name — 
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City State Zip 


Phone 


O Multipurpose tool O TS 15-6 Planer 
O Video ($20.00 deposit enclosed) 
United Metal Services, Inc, 


What's New 
in Electronics 


BY WILLIAM J. HAWKINS 


Wireless speaker ò 


The hi-fi is in one room, but 
you hear music in any other 
that contains the Hi-Work 
shoe-box-sized speaker. Au- 
dio is sent from a transmit- 
ter at the hi-fi to the speaker 
via existing AC lines. From 
Breakthrough Marketing (4 
James Way, Rye Brook, N.Y. 
10573), it's $100. 


Easy loader 


The Genicom (Waynesboro, 
Va. 22980) dot-matrix letter- 
quality printer opens like a 
clamshell for easy paper 
loading. The printer accepts 
plug-in font cartridges for 
special printing as well as 
modules for making it mimic 
other printers (IBM, Epson, 
and Diablo). It's $699. 


Stereo-TV maker 


Attach this Radio Shack ste- 
reo receiver to your audio- 
video system. Result: stereo 
TV. The variable tuner lets 
you select any VHF or UHF 
station. LEDs automatically 
show when a broadcast is in 
stereo or when a Special 
Audio Program is received. 
The TV-100 costs $140. 


Easy-to-see LCD 


An electroluminescent panel 
backlights the LCD screen 
on the Sharp PC-7000: High- 
resolution (640 by 200 dots) 
80-column-by-25-line text dis- 
plays are easy to see under 
all lighting conditions. The 
$2,000 MS-DOS computer 
has two 5.25-in. disk drives 
and 320K of memory. 


4 Word processor 


Videowriter replaces home 
typewriters, according to the 
maker, Magnavox. The $800 
word processor lets you cre- 
ate and edit text on its 80- 
column-by-18-line display, 
save up to 70 pages on a 
3.5-in. disk, and print in up 
to five typefaces on its 
built-in printer. 


Graphic calc 


Enter an equation on 
Casio’s pocket scientific cal- 
culator, and it gives you the 
answer—graphically. The 
clever calc uses a 96-by-64- 
dot LCD display to show 
graphs, fluctuating points, 
or several equations simul- 
taneously. The computer- 
like FX-7000G is $100. 


64 | POPULAR SCIENCE 


(Even the competition says ESCORT's the one to beat) 


les easy to see who sets the pace in radar 
warning. Just read all the detector ads. Most 
of them claim to be as good as ESCORT. A few 
say they're better. 

At least they agree on one thing. ESCORT 
is the one they have to measure up to. 


A modern classic 

ESCORT was a radical piece of electronic 
engineering in 1978 when it was introduced, 
the first practical use of superheterodyne tech- 
nology to warn of police radar. Car and Driver 
magazine said, “...the radar detector concept 
has finally lived up to its promise.” 

Since then, our engineers have never 
stopped refining that technology. ESCORT may 
look the same on the outside, but it never 
stops getting better on the inside. 


Standard of comparison 

Now, when experts refer to the high-water 
mark in radar protection, they automatically 
turn to ESCORT. In March of this year, Car and 
Driver published its latest detector test, this one 
comparing remote-mounted models. ESCORT 
is designed for dashtop or visor mounting. But 
the magazine included ESCORT in the test 
anyway, as the reference against which the 
performance of the others would be measured. 
ESCORT scored 412 points in the final rating, 
compared to 274 for the highest-finishing 
remote. You might say the comparison showed 
that there is no comparison. 


A gilt-edged reputation 
Seven years is a long time in the radar 
warning business, but there is no shortcut to 
a good reputation. Car and Driver said, "The 
ESCORT radar detector Is clearly the leader 
In the field In value, customer service, and 
performance..." 


uius e new SUO" rouy, 
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These excerpts were taken entirely from 
advertisements for other radar detectors. 


So it's easy to understand why other de- 
tectors would try to stand in our limelight. 
ESCORT has seven years worth of credibility, 
the one quality that money can't buy in this 
business. 


Check our references 

Credibility doesn't come from extravagant 
Claims. It comes from satisfying customers. 
You probably know someone who owns an 
ESCORT (nearly a million have been sold). So 
ask about us. 

ESCORT pioneered superheterodyne receiv- 
ing circuitry. Ask if our radar warnings always 
come in time. 

ESCORT's reporting system combines an 
alert lamp, a variable-rate beeper that distin- 
guishes between X and K band, and an analog 
meter, all to give an instant indication of radar 
strength. Ask if our warning takes the panic 
out of radar. 


ESCORT is sold in one place only, the 
factory that makes it. This lets you deal directly 
with experts. Any of our staff of over 60 sales 
people will be glad to answer any questions 
you may have, about ESCORT or about radar 
in general. 

We've been solving people's radar problems 
since 1978. How can we help you? 


Try ESCORT at no risk 
Take the first 30 days with ESCORT as 
a test. If you're not completely satisfied 
return it for a full refund. You can't lose. 


ESCORT is also backed with a one year 
warranty on both parts and labor. 


ESCORT $245 (OH res. add $13.48 tax) 
Slightly higher in Canada 


TOLL FREE. 


By mail send to address below. Credit 
cards, money orders, bank checks, cer- 
tified checks, wire transfers processed 
immediately. Personal or company 
checks require 18 days. 


ESCORT 


RADAR WARNING RECEIVER 


800-543-1608 


Cincinnati Microwave 
Department 100-016-A15 
One Microwave Plaza 
Cincinnati, Ohio 45296-0100 


Tune in "Talktalk; the satelite callin comedy talk show. Sunday evenings on public radio stations. Check local listings. 


© 1985 Cincinnati Microwave, Inc. 


All you need to do this 


jo your banking 


forecast sales 


© 1985, Commodore Electronics Limited 
®© CP/Mis a registered trodemark of Digital Research, inc. 
Bope so regisered iodemark of pl Compre ie 
© IBM iso registered trademark of 

International Business Machines 


learn to fly organize a data base 
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graph a spreadsheet write a novel 


compose a song paint a picture 


-— — - =e When it comes to personal computers, you 
want the smartest, at a price that makes sen 
The new Commodore 128" system has a 
powerful 128K memory, expandable by 512K. 
An 80-column display and 64, 128 and CP/M® 
modes for easy access to thousands of edu- 
cational, business and home programs. And : 
keyboard, with built-in numeric keypad, that | 
operates with little effort. 
Or if the Commodore 128 is more a 
than you had in mind, you can pick up the 
Commodore 64? The Commodore 64 is 
=~ our lower-priced model geared to more 
fundamental, basic needs. 
Discover personal computers thai 
do more for you. At prices you've 
been waiting for. From the company 
that sells more personal computers 


NR han BM? Or Apple? 


COMMODORE 128 AND 64= PERSONAL COMPUTERS 
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Gasoline is something we all use ev- 
eryday. But it's not all the same. And, 
it turns out, there is a developing con- 
troversy over just what standards gas- 
oline should meet, especially when it 
comes to the important quality called 
volatility. The controversy revolves 
around the fact that volatility has 
been creeping upward because of 
many interrelated problems. National 
surveys show that average volatility 
levels are well within current stan- 
dards. But it is growing clear that the 
auto companies would be happier if 
the standards were lower and volatil- 
ity were back at its old level of some 
years ago. 

Its a complex, controversial story, 
though not well known at this time. 
And even less generally understood is 
the fact that the issues involved here 
can affect your car's drivability and 
other characteristics. You can learn all 
the details in the piece beginning on 
page 72 in this issue. 


Mobile Americans 


Figures just in show that Americans 
traveled 2.97 trillion miles in 1984— 
an average of 34.4 each per day —and 
spent $4,068 each doing it. That works 
out to an average cost of just over 32 
cents a mile. We did 91 percent of the 
traveling in cars and trucks, the other 
nine in planes, trains, and on roller 
skates and pogo sticks. 

The numbers come from the annual 
travel survey commissioned by the 
Hertz Corp. According to the survey, 
not all travel was for business and get- 
ting to and from work; 106 million 
adults took an average of 5.25 vaca- 
tions or pleasure trips lasting from a 
weekend to two weeks or more. In the 
process, we averaged more than 7,000 
miles of vacation travel each—more 
than a quarter of all mileage run. 


Wood-powered bomb 


More than a decade ago, with the 
Arab oil embargo in effect and the 
country's energy future in doubt, self- 


reliant Vermonters had an idea. With 
four-fifths of the state blanketed in for- 
ests, they said, why not build a wood- 
powered electric generating plant? 
Just over a year ago, the $70-million 
station went into operation. 

It is not an outstanding success. It 
has sparked two rate increases total- 
ing 32 percent, and is running at half 
the projected load factor. It generates 
power at a cost of 7.4 cents per kilo- 
watt hour, while the utility is able to 
buy power from a New York utility 
for one cent and another Vermont util- 
ity for three cents. Yet the company 
isnt thinking of shutting down; for one 
thing, the city of Burlington is paying 
$9 million a year in annual interest 
payments and has to keep the plant 
running. 

What happened? “We're right where 
we expected to be," says Cley Tewks- 
bury, assistant plant superintendent, 
“but the world has changed.” The two 
main factors: The price of oil has come 
down sharply, and former predictions 
of just how much power would be 
needed turned out to be too high. 


Supersmart cards 


It's the size and thickness of a regu- 
lar credit card, but contains a micro- 
processor with 64 kilobytes of memory. 
It's being developed by Visa, and may 
be issued for testing within two years. 
It is, of course, the latest in the line 
of smart cards [PS, July '83]. You'd 
punch in your private identification 
number to use the card, ruling out 
fraudulent use. The card would con- 
tain detailed information about your 
account, including your credit limit, 
the amount of credit used so far, and 
so on. Thus it would be unnecessary 
for the retailer to call the company 
for a credit OK. Visa expects some ver- 
sion of such a smart card to virtually 
eliminate credit-card fraud. 
Meanwhile, the Japanese have even 
more ambitious plans for smart cards. 
Ultimately, hopes the Posts and Tele- 
communications Ministry, every Jap- 
anese citizen will carry an all-purpose 


smart card that would do everything 
from charging purchases to getting 
cash from the bank to storing medical 
records that would be instantly avail- 
able in an emergency. One Japanese 
newspaper, with appropriately poetic 
style, called it the "card of 10,000 
abilities." 


Solid/fluids ready to move 


The group of British scientists who 
developed the so-called electro-rheo- 
logical fluids have left Sheffield Uni- 
versity and set up a private firm 
aimed at commercial development of 
the unusual and fascinating sub- 
stances. ER fluids [PS, April '84] 
change from a liquid to a solid when 
subjected to an electrical voltage. Fur- 
ther, they don't change all at once, but 
gradually—the higher the voltage, the 
stiffer the fluid. 

This strange phenomenon has many 
potential applications. For example, 
one firm is working on ER shock ab- 
sorbers. Since ER fluids can change 
from liquid to solid in a half millisec- 
ond, a changing electrical voltage 
could tailor shock-absorber response 
to road conditions faster than any- 
thing now available. 

Other companies are working on 
electronic clutches in which a disc 
might rotate in a bath of fluid. With 
increasing voltage, the fluid would 
stiffen, soon giving 100-percent cou- 
pling between the two. A similar plan 
is being developed to give positive 
lockup and greater fuel economy from 
automatic transmissions. The prom- 
ise is great; the company says it now 
has joint ventures going with some 60 
companies worldwide, a dozen of them 
in the United States. Half involve 
vehicle development. 


Üvé 


Editor-in-Chief 
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How new “eyes” track the 
For more than 70 years, astronomers and physicists have puzzled over the na- 
ture and origin of the most energetic radiation known—cosmic rays. These 


particles bombard Earth from every direction. Now two sophisticated new 
detectors—the Fly’s Eye and the Chicago Egg—may help solve the enigma. 


By DENNIS MEREDITH 


metal cans, clustered atop an iso- 

lated, weather-beaten hill in south- 
ern Utah. Physicist Peter Gerhardy 
flips a switch on a control box, and a 
small motor whines to life, ponder- 
ously rotating one of the large corru- 
gated culverts upward to its stand. To 
a casual observer, the array of 67 
metal drainage pipes might look like 
parts in an abandoned construction 
site, but they house the “retinas” of 
the most sophisticated ground-based 
cosmic-ray detector in the world. It is 
the Fly’s Eye, built and operated by 
the University of Utah. Completed in 
1980, the eye explores one of the most 
startling phenomena in astrophysics: 
the bombardment of Earth by high- 
energy particles far more powerful 
than any that humans can create in 
particle accelerators. 

Cosmic rays have been studied since 
1912, when Austrian physicist Victor 
Hess made balloon flights with crude 
detectors to a maximum height of 
about 16,000 feet. He found that the 
higher the altitude, the more power- 
ful was a mysterious kind of radia- 
tion that had been puzzling observers 
for years. This was evidence that 
whatever was causing the radiation 
came from outside the atmosphere. 
American physicist Robert Millikan 
confirmed that notion in the early 
1920s, and the extraterrestrial some- 
things came to be known as cosmic 
rays. 

Today, astrophysicists know that cos- 
mic rays are primarily atomic nuclei 
—atoms stripped of their electrons. 
Nuclei of every element, from hydro- 
gen through uranium, have been de- 
tected, but most are simply protons, 
the nuclei of hydrogen atoms. A steady 
stream of relatively low-energy parti- 
cles cascades down from space, only to 
be blocked by Earth's atmosphere. But 
occasionally, baffling high-energy par- 


l 'm standing in a forest of huge 
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ticles, mostly protons, with energies 
ranging up to 100 billion billion elec- 
tron-volts, plow into Earth’s atmo- 
sphere at enormous speeds. Each of 
these particles carries enough energy 
to lift a kilogram mass almost 10 me- 
ters (33 feet)—enough to split atoms 
in the atmosphere, creating showers 
of elementary particles that survive 
to reach the surface. 


Cosmic-ray theories 


Despite 70-odd years of study, sci- 
entists have no real explanation of the 
particles’ origins, or what mechanism 
accelerates them to such enormous en- 
ergies. Some theorists speculate that 
the particles are remnants of long- 
dead stars, spewed out in the giant 
stellar explosions called supernovas. 
Others suggest an origin in titanic 
shock waves rolling through space 
dust, or in the motion of the spinning, 
superdense stars called pulsars. Solv- 
ing these mysteries could, most astro- 
physicists believe, reveal much about 
the birth and death of stars and the 
nature of the galaxy itself. Now, results 
from the Fly’s Eye and data from the 
Chicago Egg, a new detector launched 
in July aboard the Challenger space 
shuttle (and made powerful by the ac- 
cidental discovery of the unique prop- 
erties of ski-jacket fluff) may begin to 
unravel the puzzle. 

On the Utah hillside, Gerhardy 
stops the rotation of the can part way, 
and we duck beneath the edge of the 
culvert to see the instruments within. 
The first thing I notice is the 62-inch 
concave mirror mounted at the other 
end of the huge cylinder. 

“The mirror makes a great solar 
collector,” says Gerhardy, “so we have 
to keep the array turned downward 
during the day—otherwise the instru- 
ments would be fried.” The instru- 
ments are an array of 14 light-detect- 
ing photomultiplier tubes mounted at 
the mirror’s focus and aimed at it. 

On this moonless night, explains 


Gerhardy, after the sun sets, the Fly's 
Eye computer will automatically ro- 
tate the cylinder and its 66 mates to 
peer up at the night sky. Ten at a time, 
the cylinders will be brought into po- 
sition over a period of 20 minutes, and 
after a system checkout by the com- 
puter, the large array will be ready 
for another night of observation. With 
each cylinder aimed at a different sec- 
tion of the sky—like the multifaceted 
compound eye of a fly—the array can 
monitor a huge expanse. 

Two-and-a-half miles away is a sec- 
ond installation, Fly's Eye II, with 36 
mirrors. The two eyes will wait for the 
faint streamers of bluish light that rep- 
resent cosmic rays streaking through 
the atmosphere, exciting nitrogen 
atoms in the air to fluoresce. 

Although the Fly's Eye is basically 
a collection of wide-field telescopes, the 
sophisticated computer controlling 
these telescopes knits the system into 
one powerful instrument. Each facet 
of the eye contains its own electron- 
ics, built to respond to the unique 
cosmic-ray signals. 

Picking out the cosmic-ray signal 
from the background is no easy task. 
As one of the project leaders, George 
Cassiday, puts it: "Consider a blue five- 
watt bulb streaking through the sky 
at the speed of light against a contin- 
uous backdrop of starlight, atmo- 
spheric airglow, and man-made light 
pollution. In addition, sporadic sources 
of light such as lightning, auroras, air- 
plane and smokestack strobe lights 
—visible for hundreds of miles— 
create a certain visual havoc." 

Despite this confusion, and in the 
face of icy winters and blistering 
summers, the Fly's Eye has worked 
marvelously. Back in the equipment- 
stuffed control hut, Gerhardy and 
Cassiday show me what the eye had 
seen the night before. Their display 
is a large hollow hemisphere, studded 
with red LED lights, each represent- 

Continued 


of cosmic rays 


University of Utah's Fly's Eye cosmic-ray detector is an 
array of metal drainage pipes (top), each housing a 62-in. 
concave mirror with a bundle of light-detecting photo- 
multiplier tubes mounted at the focus (left). Cosmic-ray sig- 
nals trigger red LED lights on a spherical display (above). 
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University of Chicago's cosmic-ray detector, the Chicago 
Egg, is checked before shuttle launch (top). Stacks of oc- 
tagonal blankets made of polyolefin fibers (above) detect 
high-energy particles. With protective covering (right), the 
egg is lowered into Challenger's cargo bay, shown in space 
with other scientific instruments (opposite page). 
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ing the output of one photomultiplier. 
Gerhardy enters a request on the com- 
puter terminal abruptly a trail 
of light skitte lay. The 
trail splits into several separate trails 
at the end, marking the showers of 
secondary particles. 

Then Cassiday and Gerhardy show 
me the kind of data that have yielded 
a hint of where high-energy cosmic 
rays could come from. Instead of a trail 
of LEDs, they show me a “hit” repre- 
sented by a single pulse of light com- 
ing directly at the mirror. 

"This is what we get when we run 
in ‘blast’ mode,” says Gerhardy, “which 
means that the computer is set to ac- 
cept the light entering detectors on 
one mirror.” Those single pulses of 
light represent not cosmic rays excit- 
ing nitrogen atoms but the much 
fainter Cerenkov light from gamma 
rays—the most energetic electromag- 
netic waves—seen head-on by one of 
the telescopes. This Cerenkov light is 
produced by electromagnetic interac- 
tion of the gamma rays with the at- 
mosphere. Cerenkov light is much 
fainter than the light produced by c 
mic rays and is beamed in the ra 
forward direction. If seeing cosmic-ray 
traces is like detecting the light scat- 
tered from a distant searchlight, see: 
ing gamma rays is like detecting a 
flashlight beam; the only hope is to 
2 the ones that come head-on 

as intrigued cosmic-ray sci- 
entists is that the Fly's Eye has 
detected gamma rays coming from par- 
ticular objects in the sky. Such gamma 
rays reveal the presence of extremely 
high-energy processes in the objects 
that emit them. 

Until now, scientists have been un- 


able to even begin to pinpoint cosmic- 
ray origins because the particles are 
deflected into a confusing swirl by the 
galaxy's magnetic fields. But, says 
Eugene Loh, another Fly's Eye proj- 
ect leader, gamma rays are another 
matter. “High-energy gamma rays are 
not deflected by magnetic fields," he 
says, “so by getting hold of a gamma- 
ray source, we can tell that we have 
identified a source that definitely pro- 
duces high-energy particles. For the 
first time, we've seen a high-energy 
source that we think can produce 
high-energy protons because they, in 
turn, produce high-energy gamma 
rays that come straight down to us.” 


Cosmic companions 


The most important gamma-ray 
source found by the Fly’s Eye so far 
is called Hercules X-1. It is a pair of 
stars circling each other about 1.6 mil- 
lion light-years from Earth. One of 
these stars is a superdense spinning 
neutron star, called a pulsar, that 
sends out light in precisely timed 
pulses. Its companion is a normal star, 
and as the two circle one another, 
blobs of matter from the companion 
fall onto the pulsar, causing periodic 
bursts of X-rays. 

During several runs, the Fly’s Eye 
detected large amounts of gamma rays 
coming from Hercules X-1. This alone 
would be enough to peg Hercules X-1 
as a possible source of cosmic rays. But 
X-ray studies of the binary system 
gave scientists even more hints that 
the companion-star system is a source 
of cosmic rays. 

“At the same time we were looking 
at it with the Fly’s Eye, other scien- 
tists were looking at it with X-ray and 


optical telescopes,” says Utah physi- 
cist Jerry Elbert. “They didn’t see 
large amounts of X-rays from the pul- 
sar, even though they should have seen 
several bursts during that time. How- 
ever, optical studies showed a bright- 
ening that did indicate X-rays were 
being made and were bombarding the 
companion star, heating it up. 

“We think some matter may have 
been blocking the X-rays from reach- 
ing us, and that it may have been a 
disc of material around the pulsar, 
called an accretion disc. It may be 
that the high-energy protons being 
produced by the pulsar were striking 
the material, producing the burst of 
gamma rays that we saw.” 

Hercules X-1 is not the only pulsar 
system that has proved to be a gamma 
emitter. Scientists in West Germany 
and England have found that the sys- 
tem called Cygnus X-3 is a similar 
gamma-ray source. Such discoveries 
mark only a beginning, and cosmic- 
ray theories abound. 

“All these theories are not on terri- 
bly solid ground,” says University of 
Chicago physicist Peter Meyer, “but 
they are much, much better than what 
they were ten or fifteen years ago.” 
Meyer and his colleague Dietrich Mül- 
ler have taken the next major step in 
cosmic-ray research. Last July, their 
gigantic detector, nicknamed the Chi- 
cago Egg, was launched into orbit 
aboard the space shuttle Challenger 
to determine, for the first time, what 
cosmic rays are made of. Although 
high-energy cosmic rays are mostly 
protons, they are “flavored” with other 
elements, and this flavoring could be 
an important clue to their origin. 

The 1.5-ton Chicago Egg rode into 


orbit nestled in the back of the shut- 
tle cargo bay, where it successfully 
collected signals from high-energy par- 
ticles. Computer analysis of the data 
will take two years. 

Miller and Meyer showed me the 
egg under construction at their Chi- 
cago laboratories. It consists of three 
kinds of detectors stacked atop one an- 
other, each with a specialized job. The 
rounded ends of the 12-foot-long egg 
are large hemispherical Cerenkov de- 
tectors filled with a neon-CO, mix- 
ture. These detectors are ideal for 
precisely measuring particles with en- 
ergies from about 50 billion to 150 bil- 
lion electron-volts. Inboard from each 
of the Cerenkov counters are layered 
sheets of plastic that fluoresce when 
struck by high-energy particles. These 
sheets will do the basic job of identi- 
fying the particles that stream through 
the detector. Light-detecting photo- 
tubes surrounding the two detectors 
provide the signal. 

But it's the third kind of detector 
—the one that detects the highest- 
energy particles—that's really revo- 
lutionary. On my visit to their labo- 
ratories, Müller and Meyer showed me 
large piles of octagonal blankets made 
of a cottonlike substance. Six stacks 
of these blankets will enable the de- 
tector to sense cosmic rays between 
500 million and a few trillion electron- 
volts. The stuff was a surprising in- 
vention, even to the inventors. 

Because of the shuttle's weight lim- 
itations, the scientists couldn't use 
tungsten or iron detectors, which phys- 
icists normally build to catch high- 
energy particles. Such an instrument, 
for their purposes, would have weighed 
30 or 40 tons. 

So the Chicago scientists decided to 
use what are called "transition-radia- 
tion detectors," based on previous re- 
search by Müller. Transition radiation 
in the form of X-rays is emitted when 
particles of superhigh energy enter or 
leave materials with different electri- 
cal properties. Such a detector is an 
ideal means for measuring superhigh- 
energy cosmic rays. But figuring out 
how to build one big enough was frus- 
trating. For one thing, to give a mea- 
surable signal, the instrument would 
have to be made so that each cosmic 
ray zipped in and out of the detector 
material thousands of times. 


Ski-jacket saga 


*We originally proposed construct- 
ing a sandwich of about 10,000 layers 
of Mylar film, each spaced precisely 
about thirty-millionths of a meter 
apart,” says Meyer. “We might have 
done it, but we would have all ended 
up in an asylum." Keeping such a 

[Continued on page 123 
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Changing gasoline quality is behind some of the poor performance and drivability prob- 
lems drivers complain about, and it undoubtedly has caused unnecessary repairs. Auto 
and oil companies don’t agree on the best way to solve the problem. But you can minimize 
your troubles if you know what to look out for. 


By JACK KEEBLER 


asoline quality is changing. 
G * A characteristic engineers call vapor pressure 
has been rising for several years. Auto-company 
experts say this causes vapor lock, fuel foaming, hot- 
starting problems, unstable idling, and more. 

* Alcohol added to gasoline, while defended by some 
authorities, is condemned by others. They charge it pro- 
duces drivability problems and, in some cases, possibly 
damages parts in the fuel system. 

* Detergency of at least some gasolines seems to be 
falling, producing clogged fuel injectors and carburetors. 

Just how bad is the situation? It depends on who you 
ask. The most outspoken representative of the auto in- 
dustry is Gil Clark, a fuel specialist at Chrysler. “Changes 
in gasoline quality,” he says, “have never been more 
significant—or more troublesome to the motorist—than 
they have become in the last three years.” Others have a 
different opinion: “In general,” counters C. B. Hood, man- 
ager of fuels technical services at Mobil Oil Corp., “mo- 
torists are getting the best gasoline buy ever. All gasoline 
isn’t the same, but gasoline quality overall is the best it’s 
ever been, and that’s certainly true so far as our company 
is concerned.” 

Where does the truth lie? As is often the case, the situ- 
ation is both controversial and complicated. Certainly, most 
of the gasoline sold today, particularly that blended by 
the major oil companies, meets industry standards. It’s 
the standards that need to be changed, counter the auto- 
company experts. Then there’s the really bad gas—gas 
that is improperly and in many cases illegally blended. 
No one knows how much of it is being sold. This is the 
stuff that can really get you into trouble. To get at the 
facts, I interviewed engineers at major auto and oil com- 
panies and talked to independent experts. Here's what I 
learned. 


What’s happening and why 


Gasoline is not a single substance, but a mix of scores 
of hydrocarbons—molecules made of hydrogen and car- 
bon. They range from light, volatile substances to heavy, 
less volatile ones. An ideal fuel is balanced; it has low 
vapor pressure—a high boiling point—to avoid vapor lock, 
but enough volatile elements for easy starting. Petroleum 
companies vary the blend constantly. Winter gasoline, for 
example, is more volatile than summer gasoline for eas- 
ier cold-weather starting. 

Car manufacturers feel that the biggest problem today is 
volatility's upward creep, especially in the summer. It 
would seem to be an easy problem to solve: Simply blend 
a less volatile mix. In principle, that's true. But a com- 
plex web of economic, legal, political, and engineering con- 


siderations are conspiring to push gasoline's volatility up 
rather than down. 

Volatility is measured in terms of vapor pressure. Vapor 
pressure quantifies a given fuel's tendency to vaporize—to 
turn from a liquid to a gas. It is measured by what engi- 
neers call the Reid vapor-pressure (RVP) test. One expert 
who spends a lot of his time studying trends in vapor pres- 
sure is Chrysler's Gil Clark. Clark describes himself as 
an evangelist, and he looks and sounds the part. 

He showed me what the RVP test is all about. You start. 
by chilling both a small brass container and a gasoline 
sample down to about 30 degrees F. "Then you completely 
fill the chilled chamber with the gasoline," he says in his 
soft Texas twang, “and screw it onto the bottom of a brass 
tube with a pressure gauge at the top. Now you have cap- 
tured a sample of gasoline in a closed container with a 
vapor space above the chamber. Next you drop the whole 
assembly into water at a hundred degrees, and wait fifteen 
or twenty minutes while it all comes up to temperature. 
During that time some of the gasoline vaporizes and the 
pressure in the tube rises. Then you simply read the 
gauge." 

That number—it used to be about nine in summer and 
12 in winter—has been creeping up. Why is that impor- 
tant? Clark explains: “You pull off the freeway on a hot 
day to pick up a loaf of bread on the way home. The car is 
nice and hot, and in the five minutes you're in the store 
everything under the hood gets a hot soak. You come back, 
hop in, start the car, and head out. It will start and run 
across the parking lot, where the fuel demand is low. But 
the hot gasoline began to boil while you were in the store. 
It makes so much vapor that the fuel pump is windmilling 
full of vapor and not delivering enough liquid fuel. When 
you try to accelerate to reenter the traffic stream, the 
engine dies lean [is starved for fuel].” 

The opposite can happen. “Some cars now have fuel 
pumps with sixty to eighty times the pumping capacity 
needed for constant speed," adds Clark. "In this situation, 
hot fuel instead of just vapor will reach the high-temper- 
ature environment under the hood and foam just like 
shaken soda pop. That fuel bubbles out of the bowl vent, 
falls into the carburetor, and causes the engine to run 
rich. Fuel foaming is a brand-new symptom that has just 
been recognized in the last few years as fuel volatility 
has crept upward." 

The situation can be serious. Last June, a load of win- 
terized, or high volatility, gas was shipped to Albuquer- 
que, N.M. "Stalled cars were lined up as far as the eye 
could see," says Sandy Brady of Albuquerque's Better Busi- 
ness Bureau. "The worst time often comes on a unusually 
warm day in spring," says Robert Everett of GM's emis- 
sions-control staff. “Winter gas is still in the pumps, and 

Continued 


Like a ghostly sentinel, the fractiona- 
tor tower of Mobil Oil's new alkylation 
unit (facing page, 1) looms on the night- 
time horizon. Improperly formulated 
fuel detergents can create problems. In 
the top right photo (opposite) a soapy 
emulsion (2) has formed in the gradu- 
ated cylinder on the left. Fuels with- 


out detergents can lead to fuel-injector 
plugging (3). The injector photo on 
the left shows a good injector with a 
healthy spray-cone pattern. On the 
right is a partially plugged injector. 
Poor cylinder-to-cylinder fuel distribu- 
tion and inadequate vaporization can 
result in reduced engine performance 


and higher emissions. Gasoline buyers 
with sufficient curiosity and $150 can 
purchase a Gas Check kit from Miller 
Special Tools. The kit measures water 
content, alcohol percentage, vapor 
pressure, and the presence of lead in 
unleaded fuel. Tools for doing the tests 
come in a plastic carrying case. 
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cars are stalled all over the expressways. The problem for 
us is that those customers don't recognize the fuel-volatil- 
ity problem. They blame the car" 

And it may even cause unnecessary repairs. “If you spend 
an hour on the side of the road with your stalled car," 
says Clark, "the problem will cure itself as the car cools 
down, and you'll eventually be able to start again. But if 
you're unlucky enough to get a tow truck in a hurry, you'll 
be towed to the nearest garage where the mechanic may 
want to replace all of the pieces of the fuel system he can 
see. I heard of one fellow who had his fuel pump replaced 
seven times when the real problem was the gasoline 
supply" 

Despite such stories, is the problem really serious? While 
some auto people claim it is, oil-industry experts take a 
different point of view. “Late-model cars," says Hood of 
Mobil, "are less sensitive to gasoline volatility than their 
predecessors. Many have fuel pumps in the fuel tank, mak- 
ing them less sensitive to vapor lock. Many individual 
cars may still be sensitive to vapor lock and other volatil- 


Above are photomicrographs of a clean and an obviously 
dirty fuel-injector pintle. A dirty pintle can seriously affect 
the injector's spray pattern (photos on previous page) and 
vehicle performance. The diameter of the pintle is about 
0.8 mm (0.03 in.); the annular clearance between the pintle 


ENGINE DIES LEAN 


LIQUID 


Vapor lock occurs when hot, vaporized fuel blocks the fuel 
lines. The fuel pump, designed to pump a liquid, windmills, 
starving the engine. Fuel foaming tends to strand owners 
of newer carburetor-equipped cars with high-capacity fuel 
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ity problems because of one or more defects such as a 
misrouted fuel line, missing insulation, or a marginally 
defective cooling system.” And Jim Smith, an Amoco Oil 
Co. product engineer, adds flatly, “The only time custom- 
ers experience problems with vapor lock is during the sum- 
mer. And these instances are fairly rare except with 
temperatures in excess of ninety-five degrees.” 

Why is volatility rising? The answer revolves around 
two fundamental facts: Crude oil doesn’t contain the vari- 
ous kinds of hydrocarbons in the amounts they’re needed 
for gasoline. For example, an average barrel of crude yields 
about 28 percent gasoline. The industry would like and 
could use 45 to 50 percent. 

In addition, an engine fuel must have a sufficiently high 
octane for the engine in which it is to be used. Octane is a 
measure of a fuel’s ability to burn smoothly and deliver 
power to the piston, rather than exploding suddenly and 
causing possibly damaging engine knock. 

For decades, refiners added a substance called tetraethyl 
lead to gasoline to improve octane. But during the early 
1970s, the Environmental Protection Agency (EPA) man- 
dated that lead be removed from gasoline. That made the 
percentage of gasoline available from a barrel of crude 
fall further, since it didn’t contain enough high-octane in- 
gredients to make the whole mix satisfactory. So refiners 
turned to a refining technique called reforming—a pro- 
cess that combines certain light molecules to make more 
complex high-octane molecules. 

Reforming is today’s main octane-raising tool. It’s not 
free, however: The higher the temperature and the longer 
it’s held, the higher the octane—but the lower the yield. 
In fact, some 20 to 30 percent of the original is lost in the 
form of butane and other less valuable products. That's 
why unleaded gasoline costs more than leaded of a given 
octane. 

Octane can also be improved slightly by adding butanes 
and a few other relatively cheap, light fractions. And that 
works right in with reforming. “Generally, the things that 
manufacture octane also manufacture higher-volatility 
components such as butane," says James De Jovine, man- 
ager of testing and refinery technology for Atlantic Rich- 
field Co. "And butane, which has fairly high octane, is 
cheaper than gasoline. So to raise octane and at the same 
time make your product as economical as possible, you 
want to use butane to the fullest extent possible." Thus 
increasing octane also tends to increase volatility. 


Fuel foaming 


ENGINE DIES RICH 


LIQUID 


pumps. High-volatility fuel reaches the hot under-hood en- 
vironment and foams. This foam dribbles from the bowl 
vent and kills the engine with a rich mixture. The newest 
cars with carburetors will be fitted with a special anti- 


Some refiners have also tried to ease the octane prob- 
lem by adding alcohol to gasoline. Alcohol works as an 
octane improver. An 87-octane unleaded gasoline with 10 
percent ethanol (grain alcohol) added will gain about three 
octane numbers and become 90-octane unleaded premium. 
This practice began more than a decade ago during the 
oil crisis, because adding alcohol not only helped raise 
octane numbers but helped stretch scarce petroleum re- 
serves. Some marketers add up to 10 percent ethanol, pro- 
ducing gasohol. To encourage this trend, many states and 
the federal government have enacted tax laws giving gas- 
ohol special tax breaks. 

Other marketers add methanol—so-called wood alcohol, 
actually made today mostly from natural gas. It also raises 
octane and burns well in an automobile engine. The prob- 
lem: “When you add ten percent ethanol to gasoline,” says 
Clark, “its vapor pressure goes up one-half to one-and-a- 
half pounds.” Methanol can cause a similar problem: R. 
H. Thring of the Southwest Research Institute reported 
in a Society of Automotive Engineers paper that adding 
even just two percent methanol to gasoline can raise its 
vapor pressure by more than three pounds—enough to 
get a lot of cars into trouble. 

So, because of the quality of crude oil, blending prob- 
lems, removal of lead, addition of light elements for octane 
improvement, and use of alcohols, vapor pressure has been 
creeping upward since the early "70s. How much is it ac- 
tually up? Twice a year, in January and July, the Motor 
Vehicle Manufacturers Assn. takes about 450 gas sam- 
ples from several dozen cities across the country. As the 
accompanying graph shows, pressure has gone from nine to 
above 10 in the summer, from 12 to above 13 in winter. 

These levels, oil companies are quick to point out, are 
within industry standards, set by the American Society 
for Testing and Materials, a widely respected standards- 
setting group including representatives of both oil and 
auto companies. ASTM standards allow volatilities up to 
15 in winter and 11.5 in summer. Thus if all gasoline 
were at average levels, the auto industry could probably 
live with it. 

However, some experts claim that many blends now sold 
are substantially higher. Says Clark: “One night last win- 
ter I stopped at the six or seven gas stations between here 
and my house and got gas samples. When I got home I 
ran vapor-pressure tests on my kitchen counter. I got num- 
bers in the sixteen-to-seventeen-pound area, where it 


Fuel-foaming kit 


FOAM RETURNS TO TANK 


VAPOR 
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foaming trap. The trap returns fuel foam to the gas tank. 
Higher-volatility fuels produce excessive amounts of vapor, 
which cannot be contained by the emissions system’s char- 
coal canister. Vapor overload then vents to the atmosphere. 


should have been fifteen. The next day I took them down 
to the lab and confirmed those results. That’s not a na- 
tional scientific survey. But if I got more samples, partic- 
ularly in winter, I'd bet that most would be outside of the 
standard." Of course, the other side of the coin is that if 
some gasoline is above average volatility—a point few deny 
—then other gasoline must be below. 

But the problem is even more complicated. Some auto 
experts say the numbers, while within standards, are too 
high, that they should be brought back down to the nine 
summer and 12 winter of several years ago. So why don't 
the oil companies and blenders simply blend gasoline to 
have lower vapor pressure? Because the resultant fuel 
would cost more. 

Why don't auto companies make cars more tolerant of 
high-volatility fuels? In fact, they have been making cars 
less sensitive to rising volatility by making changes such 
as adding more-powerful fuel pumps. But some auto men 
claim this has backfired. "When the oil companies found 
out that the new cars were less sensitive," says Joe Colucci 
of General Motors Corp., “they pushed the volatility up.” 
Marvin Jackson, an emissions-control engineer at GM, 
adds: "If we build cars in 1990 that solve the problem, 

Continued on page 120 
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Gasoline volatility has been increasing for several years. 
Fuel specialists at the major automotive companies say it 
has affected both vehicle hydrocarbon emissions and warm- 
weather drivability. Further increases in gasoline volatility 
would mean more complicated emissions controls. 
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Canister overload 
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DRAWING BY NINA WALLACE 


Superwindows 


Advanced-technology windows emerged from research labs just a few 


years ago, but they’re already sold by scores of window makers. Indus- 
try sources predict they'll grab 25 percent of the residential market in 


five years. One kind of high-tech window lets in more solar heat than 
do ordinary windows. But most keep in more room heat. And now 
there’s a heat-saving glass that’s tough enough to use as storm panels. 


By V. ELAINE GILMORE 
or window shoppers it is the bést 
F of times: 

* You can now buy double- 
glazed windows that are more efficient 
than traditional triple-glazed units. 

* You can buy superior triple-pane 
—or even quad-pane— windows that 
weigh no more than doubles. 

* You can add new-technology storm 
windows to single-glazed heat-leakers 
and approach the performance of triple- 
glazed windows. 

* You can buy high-efficiency win- 
dows for hot-climate houses. 


INFRARED. 
RADIATION 


SOLAR 
ENERGY 


A B 


A) Most low-emissivity windows have 
a clear outer pane, a space, and the 
low-emissivity coating on the air-gap 
side of the inner pane. The coating 
reflects infrared energy and thus re- 
duces heat loss (and heat gain in sum- 
mer). These windows transmit most of 
the solar energy. B) Low-emissivity win- 
dows made with Southwall's Heat Mir- 
ror, a coated polyester film, work the 
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But when you go window shopping, 
you may decide it is the worst of times. 
The choices are broad and the claims 
confusing. These superwindows all owe 
their superior performance to specially 
coated glazings, but some are glass 
and some are plastic film. One film, a 
high-transmission glazing, transmits 
more solar energy than does glass. The 
other film and all of the glasses are 
low-emissivity glazings: Their coatings 
reflect heat. Low-emissivity glass 
comes in two varieties—and one is a 
better thermal performer than the 
other. 

One thing the superwindows do 


INFRARED 
IRADIATION 


same, but the film creates two air 
spaces, which reduces heat transfer. 
One company makes argon-filled win- 
dows with Heat Mirror. This heavy 
gas is a better insulator than air. An- 
other manufacturer makes argon-filled 
windows using Interpane's coated 
glass. C) Low-emissivity windows for 
hot climates have a tinted outer 
pane, which transmits less solar energy 


have in common: They all are expen- 
sive. Nevertheless, their popularity is 
mushrooming, especially the low- 
emissivity types. "These coated glaz- 
ings will eventually be the norm, not 
the exception," predicts Stephen Sel- 
kowitz, head of Lawrence Berkeley 
Laboratory's windows and daylighting 
research group. Here's what you should 
know before you window shop. 


Low-emissivity windows 


Sit near a window on a cold night, 
and you may feel chilly, even if the | 
room is warm. One reason: Your body 

Continued on page 114 
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than clear glass. The low-emissivity 
inner pane reflects heat radiated from 
both exterior and interior surfaces. 
D) High-transmission windows made 
with3M’s SunGain transmit more solar 
energy than do standard glass win- 
dows. The film, like Heat Mirror, cre- 
ates triple- or even quad-glazed win- 
dows without added weight. The add- 
ed air spaces reduce heat flow. 


lor importer) Brand A 
ot glazings & 
AFG Industries Comhor-E P 08 
Bor 929 glass 
Kingsport TN 37662 
Andersen Corp. High-Performance $ 01 
Bayport MN 55003 glass 
High-Performance — $ 
Sun glass 
Ford Motor Co. Sunglas Heat Re- s 014 
Glass Div. flective (sputtered) 
300 Renaissance Center glass 
Box 43343 


Detroit miagzag — Swnelas Heat Re 


flective (pyrolytic) 
glass 


Guardian Industries Low-E glass s 010 
43043 W Nine Mile Rd. 

Northville MI 48167 

Interpane Coatings — IPusNewalR — S 010 


Box 26 glass 
Deerfield WI 53531 


PPG Industries Sungate 100 7 010 
One PPG Place. glass 
Pittsburgh PA 15272 


Sungate 200 
glass 


Sentinal Agencies Comfort Glass 
Box 905 


Miami FL 33137 


Southwall Technologies Heat Miror 44. p 005 
1029 Corporation Way — film 
Palo Alto CA 94303 


Heat Mirror 66 
film 


Heat Mirtor 88 
film 


3M Energy Control SunGain na? na 
Products Div. film 

Bldg. 225-48-08 
St Paul MN 55144 


Windows cost 10% -15% more than standard double 
glazed. storm panels available 


AIL windows have wood frames: no horizontal sliders or 
custom windows available. cost: 9-11% more than 
standard Andersen double windows (3-by-A-ft. case- 
ment window: $190-§235) 

Low-emissivity coating is on tinted outside pane 
(facing air space}; use where reduced solar gain is 
desired; cost: same as above 


Cost: 10-15% more than standard double windows 


Available in mast sizes and configurations 
cast: same as above; storm panels available 


‘Available throughout US. and Canada 


SNE Corp. (910 Cleveland Ave., Wausau WI $4401) 
uses Interpane glass in argon-illed windows sold 
under the Crestline and Vetter brands; a 4-by-4-ft 
casement window has a list price of $425, 


Aicflled windows with Inlerpane are made by various 
US. and Canadian companies; glazing is said to match 
appearance of standard double glazing from outside. 


Maximum glass size available: 84-by-144 in. 


Use where reduced solar gain is desired 


Available in more sizes than Sungate 100, storm 
panels available 


Use where reduced solar gain is desired 


Sentinal imports Glaverbel low-emissivity glass from 
Belgium; storm windows available (limited distribu 
ion) glass has lowest emissivity of any pyrolytic 
coating listed —has slight bronze tint 


Recommended where solar control s required. 
skylights, sloped glazing, Sunbelt houses, commercial 
buildings 


Costs the same as HM88 windows; recommended 
where solar shading in summer and insulation in 
winter are desirable; also for Sunbelt, especially for 
west-lacing windows 

Heat Mirror film generally adds $3- $5 per sq. ft. of 
glass area to cost of window. noise transmission 
reduced 


Recommended for very cold climates (Alpen Inc 
Denver CO, is the only U.S. maker) 


SunGain film transmits solar energy better than clear 
ass; windows with SunGain list for 4- $12 more 
per sq. ft. than comparable double windows 
recommended where both solar gain and insulation 
axe important 


"Andersen Corp's low-emissivity glass is coated by Cardinal Glass Co, which supplies only Andersen, ‘interpane makes another low emissivity lass. called Plus Neutral (its specifications are the same, except that it transmits only 70. 


percent of visible hight); "not applicable. 


For comparison: conventional windows 


The table reveals how the windows compare. 
The numbers were provided by the glazing 
manufacturers, as were the descriptions of 
typical windows made with their special glaz- 
ings. Specifications consider the glass area 
only, without frame or sash effects. (You can 
write to the glazing manufacturers for lists of. 
window makers that use their glazing, and 
ask window makers for the performance 
specifications of actual windows.) Here's what 
the table headings mean. Coating: Low- 


emissivity coatings are applied by the pyro- 
lytic (P) or sputtered (S) method; Emissivity: 
a measure of how readily a surface absorbs 
and emits infrared energy (the lower the emis- 
Sivity, the less infrared the glazing absorbs); 
R-value: a measure of resistance to heat flow 
(the reciprocal of the U-value); U-value: 
indicates how readily heat flows through a 
material in Btu/sq. ft./deg. F temperature 
difference (winter R- and U-values are gener- 
ally calculated at 70° F inside temperature, 


O° F outside, and a 15-mph wind; values 
given are for the window described; reducing. 
the air gap would raise the U-value); Shad- 
ing coefficient: a measure of heat gain through 
a window, it assumes that '/-in. clear glass 
has a shading coefficient of 1.0, and com- 
pares other glazings with this (the lower 
the shading coefficient, the less heat the 
window lets in); Solar energy transmitted, 
Visible light transmitted, UV transmitted are 
self-explanatory. 
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Paul MacCready, of Gossamer Albatross fame, has built a 
working replica of this prehistoric winged lizard. Because 
the top-heavy pterodactyl had an unstable design, Mac- 
Cready's team worked closely with paleontologists to fig- 
ure out how it flew. Using on-board computer controls, they've 
created the first wing-flapping machine to successfully fly. 


By JIM SCHEFTER 
Illustration by Dean Ellis 


spring air. With ponderous grace, 
their thrust lifts a fearsome white- 
eyed, sharp-beaked dragon higher and 
higher above the grassy mounds and 


Li: wings stroke the warm 
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long, narrow water hole. The beast's 
slender neck and head bob slightly 
with each beat. Fingerlike webbed 
claws on the leading edge of those 
giant wings flex, ready to act as air 
brakes. 

Climbing in awkward circles, the 
prehistoric pterodactyl slowly takes on 


the grace of an airborne predator 
prowling the sky, studying the ground 
for its next meal. It circles the Wash- 
ington Monument, perhaps soon to 
pounce on a distracted tourist. 

Wait a minute! What is a 60-million- 
year-old relic from the late Mesozoic 
Period doing here, above Washington, 
D.C., in the spring of 1986? What 
could bring a flying reptile with an 
18-foot wingspan to soar over the Na- 
tional Mall? 

The answer is not what, but 
who: Paul MacCready, Ph.D., the 
lightweight-flying-machine genius. 
His human- and solar-powered aircraft 
burst through the frontiers of flight 
in the late 1970s and early '80s [PS, 
Oct. 77, Jan. "78, Dec. 78, June '81]. 


Now MacCready’s latest pro 
half-size replica of Q. iain” 


northropi—a winged dragon vagu ely 
related to dinosau will fly under 
its own flapping power in late spring. 
The event will coincide with the pre- 
miere of On the Wing, a film about 
biological and human flight being pro- 
duced by the Smithsonian Institution's 
Air and Space Museum. MacCready’s 
creation will appear in the film. 

Mother Nature took millions of 
years to create the pterodactyl, one 
of a family of pterosaurs ranging from 
bird-size to sun-blocking monsters. 
MacCready and his AeroVironment, 
Inc., team, expect to do the job in 
barely 12 months. 

The $500,000 project is funded by 


Self-ptopelled pterodactyl | upper 
left) gets power from its flapping 
wings | sketch above). Gearidriven 
jack shaft inside the replica’s 
chest flaps the wings Tn Unison. 
Sixty-six rubber bands stretched 
from the "reptiles" neck|to the 
shaft dampen the strain pn the 
wing-fapping motor. 


T ithsonian and Johnson Wax. 
‘Their purpose: to make the film real- 
istic. MacCready’ i 
the first large-scale machine that flies 
successfully by flapping its wings. 

“Very little is known about how nat- 
ural fliers combine their sensing de- 
vices, brains, and muscles to fly effec- 
tively,” MacCready says. “The challenge 
is especially difficult with the ptero- 
dactyl; it doesn't even have a tail to 
help with stability and control." 

The pterodactyl's bones lay locked 
in an eons-old rock formation in Texas 
until paleontology graduate student 
Douglas Lawson found them in 1972. 
With University of Texas Prof. Wann 
Langston, he pieced together the drag- 
ons form and called it Quetzalcoatlus 


northropi. Its 36-foot wingspan seemed 
to give it excellent lift. But by all aero- 
nautical theories, the 140-pound crea- 
ture simply shouldn't fly. Its long neck 
and beaked head should flip it back- 
ward if it tried. The only solution 
to that puzzle, aerodynamicists con- 
cluded, was that the pterodactyl shifted 
and wobbled its head in flight, using 
it as both a rudder and stabilizer. 
“We have learned a great deal about 
how these giant creatures, which ruled 
the skies sixty-five million years ago, 
were able to fly" MacCready says. 
“The challenge to replicate natural 
fight has required innovations in 
aerodynamics, structures, and control 
technology" 
[Continued on page 124] 
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POROUS PLATES 
CATHODE SUBSTRATE FOR STORING ACID 


ANODE SUBSTRATE 


` 
« 
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i 
SEPARATOR PLATE 


A fuel cell consists of a phosphoric-acid 
electrolyte in a porous material sand- 
wiched between a cathode and anode. 
Fuel cells operate similarly to storage 
batteries used in flashlights, except the 
chemicals used are outside the cell. 


Em EENE EEDI £A. 
Workers assemble a stack of fuel cells 
(right) for a 40-kW power plant built 
by IFC. Stacking numerous cells cre- 
ates the high voltage needed for util- 
ity applications. A 375-kW fuel-cell 
module designed by Westinghouse 
(above) is 11 ft. high and 4.5 ft. in di- 
ameter, and weighs about three tons. 
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FUEL CELLS 


—after 20 years of 


disappointments, they're coming on-line 


No pollution, high efficiency, no moving parts, heat and water byproducts: Fuel cells that 
convert hydrocarbon fuel to electricity without burning it sound like an ideal source of 
power. Now, after long delays in development programs, industries and utilities are manu- 
facturing and installing these power plants, first developed for spacecraft. 


By JOHN FREE 


Inpustry HiLLs, CALIF 
whir of fans and pumps fills 
Ae air near the nation's first 
methane-powered fuel cell. The 
device, somewhat larger than a Volks- 
wagen van, delivers electricity, heat, 
and hot water to a hilltop Sheraton 
hotel in this Los Angeles suburb. 
From my hotel window nearby I no- 
tice the luxury resort's attractive land- 
scaping. How can decaying garbage, 
which I've learned serves as a meth- 
ane source, coexist here? 

Early next morning, John Leeper, 
Southern California Edison project 
manager for fuel cells, solves the mys- 
tery. He waves toward a bumpy ex- 
panse of manicured grass and trees 
behind the fuel cell: "These two eigh- 
teen-hole golf courses,” he says, “are 
built on a clay cap that seals off the 
ground over the garbage." Most landfill 
gas is burned at the hotel. The fuel 
cell, I learn, taps only a small part of 
the methane. 

"We've been interested in fuel cells 
for a long time,” says the young me- 
chanical engineer. “This plant gives 
us the opportunity to get some oper- 
ating experience.” 

Edison's Industry Hills plant is just 
one of several dozen on-site 40-kilo- 
watt (kW) fuel cells, most of which op- 
erate with natural gas, now under test 
in this country and abroad. Much 
larger demonstration systems—one 
megawatt (MW) or more—for electri- 
cal utilities are either running, slated 
to start soon, or under development. 
The fuel-cell industry, after some two 
decades of erratic starts and stops, 
now seems to be moving rapidly 
toward commercial introduction of 
these power plants. 

The devices, invented 147 years ago, 
helped power manned space flights 


starting in the 1960s. In 1971 I saw 
one of the first down-to-earth cells: a 
furnace-size 12-kW device powering an 
all-gas demonstration home. Cell de- 
velopment benefited from the push for 
alternative energy sources in the mid- 
1970s. But early demonstration fuel 
cells, although scaled up to a 1-MW 
pilot plant in 1977, never became com- 
mercial products. 

Now, finally, electrical utilities, the 
federal government, the gas industry, 
and manufacturer International Fuel 
Cells (IFC, South Windsor, Conn.) are 
supporting field tests of the newest 
40-kW on-site cells. Their goal: scaled- 
up 200-kW power plants for apartment 
buildings, stores, light industry, and 
similar sites. 

Most of the 1-to-4.5-MW utility-size 
plants are in Japan. IFC, a joint ven- 
ture of Toshiba and United Technolo- 
gies, plans to offer giant 11-MW plants 
within two years. But Southern Cali- 
fornia Edison recently withdrew from 
a plan to install a 7.5-MW fuel-cell 
system designed by Westinghouse 
(Pittsburgh, Pa.). 

Such hesitancy isn’t unusual. Says 
Leeper: “Manufacturers are reluctant 
to build a plant without orders, and 
there's a similar reluctance of utili- 
ties to buy cells without seeing them 
first.” 

Migrating acid 

A recent fuel-cell project became 
both a disappointment and a lesson 
for developers. The project, a 4.5-MW 
demonstration plant built by United 
Technologies for New York’s Consoli- 
dated Edison, is now rusting, unused, 
in lower Manhattan. But in 1978, 
when the project got underway, the 
plant seemed to be an ideal utility 
demonstration: 

* Modular design and fast construc- 

Continued 


How fuel cells operate 
ELECTRIC 


DRAWING BY ELIOT BERGMAN 


Hydrogen fuel gas flowing over a 
porous anode saturated with an 
electrolyte (1) is oxidized and loses 
its electrons. The anode develops a 
negative charge (2). At the same 
time, oxygen in air passed over the 
cathode attracts electrons, creating 
a positive charge on this electrode 
(3). Excess electrons from the 
anode, attracted to the cathode, flow 
through an external load (the bulb) 
as direct current. Positively charged 
ions, produced as hydrogen is oxi- 
dized at the anode, migrate through 
the electrolyte to the cathode. There 
they combine with oxygen ions to 
form water (4). This reaction creates 
heat, so water produced is steam. 
Higher pressures and temperatures 
in newer systems enhance this en- 
tire energy-producing process. 
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For peak utility loads: modular fuel-cell power plants 


NAPHTHA STORAGE 


FUEL PROCESSING —. 


WATER RECOVERY 


POWER CONDITIONER —~ 


Preliminary design for a 7.5-MW fuel-cell plant by Westing- 
house includes 20 cell modules, each with 375 kW. Power- 
conditioning gear converts the DC output of the cells into 


STEAM GENERATOR 


REFORMER 4 Y 


FUEL CELLS —“ 


STATION EQUIPMENT —/ 


CONDENSERS 


DRY-COOLING 
TOWERS — 


— CONTROL-AND-SERVICE BUILDING 


AC. Modules will be air cooled, with recovered heat used 
to produce steam and drive a small turbine that helps op- 
erate the plant. The expandable system is slated for 1988. 


tion for this type of plant permits 
added capacity as customers require 
more power. 

* Clean, virtually noiseless opera- 
tion simplifies urban siting, right 
where power is needed. 

* High operating efficiency extracts 
more energy from costly natural gas 
or oil-distillate fuels (40-percent effi- 
ciency for electricity generation ver- 
sus 30 percent from current small 
generators; 80 percent if heat produced 
is also used). 

That sounded good to Con Edison 
and other sponsors. But local resi- 
dents, alarmed about fuel storage and 
processing at the site, delayed con- 
struction and forced fire officials to 
conduct elaborate safety tests. One of 
the tests, pressuring cell-site pipes 
with water, led to leaks and damage 
in cold weather. 

Finally, in 1984, engineers turned 
on the reformer, a heater that con- 
verts natural gas or liquid hydrocar- 
bon fuels into hydrogen-rich gas. As 
steam vented from the reformer, hy- 
drogen began flowing into two trailer- 
truck-size containers packed with 
cells. They switched the system on and 
watched the voltage gauges. 

Nothing happened. The giant fuel 
cell wouldn't work—and still doesn't. 
The reason: During the several years 
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of delays before the start-up attempt, 
acid sandwiched in a porous material 
between cell electrodes had migrated 
away from the plates. That made the 
plant's 9,000 cells useless because 
without the acid electrolyte, current 
couldn't flow. 

Meanwhile, in Japan, a similar 
4.5-MW plant designed by United 
Technologies had been delivering 
power into Tokyo's power grid for a 
year. The Japanese benefited from 
newly designed cells, and located their 
plant at a noncontroversial site. 


Filtered methane 


Most fuel-cell test plants operate on 
natural gas or processed naphtha, but 
Leeper says California can also benefit. 
from using alternative fuels. “Land- 
fills, digestor facilities, industrial 
byproduct gases—they're all sources 
that are often either flared or vented," 
Leeper says. 

His company is studying how much 
this gas must be cleaned up before use. 
Leeper points to a series of cylinders 
clustered around the Industry Hills 
cells that filter landfill methane gas. 
Two fat tanks towering over the cells, 
he explains, filter out chlorinated 
hydrocarbon compounds with activated 
carbon. A series of taller but narrower 
tanks remove carbon dioxide with a 


membrane-separation process. *Our 
hope is that you won't need anywhere 
near the purity of natural gas," says 
Leeper. 


Raising temperatures 


Advanced fuel cells under develop- 
ment promise better performance. One 
type uses a molten carbonate salt in- 
stead of an acid electrolyte, and deliv- 
ers 55-percent electrical efficiency. The 
temperature in these molten-salt cells 
averages 1,200 degrees F—four times 
higher than acid cells. 

Because of these higher operating 
temperatures, the costly platinum cat- 
alysts used to speed chemical reactions 
in conventional cells aren't needed. 
Some molten-cell designs also use the 
higher internal tempertures to elimi- 
nate the external reformers that gen- 
erate hydrogen. And steam produced 
may also spin turbines to generate ad- 
ditional electricity. 

Still another type of system under 
development: solid-oxide cells. They 
operate at some 1,800 degrees F, ap- 
proach 60-percent electrical efficiency, 
use a wide variety of fuels without 
need for a reformer, and are easier to 
design, claims George Wiener of West- 
inghouse. Says Wiener: ^A product can 
be made available for commercial in- 
troduction as early as 1990." us 


Expert systems 


promise supersmart PCs 


Expert-system software is a spinoff from artificial-intelligence research. The computer 
learns about a subject by quizzing human experts, then becomes the expert in that field. 
Ask a question, and the computer searches its knowledge base to offer advice. The pro- 
grams have been used on large computers for some time, but now they're available for 
desk-top microcomputers. An expert at your fingertips? The experts aren't sure. 


By WILLIAM J. HAWKINS 
Drawing by Roy Doty 


‘Tm sixty-three years old and ready 
for retirement." 

Cimino is a rare individual. He's an 
expert at cooking soup—millions of 
gallons of it. And for 43 years, the 
Campbell Soup Co. has relied on him 
to make sure the brew was just right. 
Who could take over? The answer is a 
personal computer programmed with 
expert-system software. 

Expert systems teach a computer to 
think, not just juggle numbers or data 
from one place to another as it does 
with conventional programming. Àn 
expert system accepts knowledge 
—human knowledge— processes it, 
draws conclusions, and arrives at an 
answer a human expert would give if 
asked the same question. "It's the clos- 
est we can get to cloning," says Ran- 
dall Davis, associate professor at the 
Massachusetts Institute of Technolo- 
gy's Sloan School of Management. 

These new programs are rooted in 
30 years of work done in artificial in- 
telligence. In the past, only room-sized 
main-frame computers or, more re- 
cently, expensive minicomputers could 
handle the programming needed to 
mimic an expert [PS, Sept. '82]. How- 
ever, the speed and power of personal 
computers has increased enormously 
over a short period of time, and now 
expert-system programs are available 
for IBM PCs and other compatible 
computers. The programs are not 
cheap: You can pay as much as 
$10,000 for one, but most are well 
under $1,000. 


| have to face facts," said Aldo Cimino. 


Continued 
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How do these programs work? How 
well? To find out, I talked to the ex- 
perts on expert systems, program pub- 
lishers, and users. I was surprised to 
learn that when you buy one of these 
off-the-shelf programs, it is incom- 
plete: It isn’t an expert in anything, 
and it is up to you to provide the 
knowledge. Despite many ease-of-use 
claims, entering knowledge is a labo- 
rious task often requiring months of 
work. And the results, claim the ex- 
perts, can range from an expert advi- 
sor to a well-informed helper. 


Shell game 


“A complete expert system contains 
three main parts,” explains Edward 
Feigenbaum of Stanford University. “It 
has a human-machine interface, an in- 
ference engine, and a knowledge base.” 

The human-machine interface lets 
the system communicate with the 
user. It accepts your questions, for in- 
stance, and it shows results in either 
textual or graphic form. An inference 
engine is the thinking brain behind 
an expert system. It is the part of the 
program that draws conclusions based 
on the facts stored in its knowledge 
base. What's a knowledge base? That's 
the part that the user—working with 
a human expert—must supply. 

Because only the human interface 
and inference engine are contained in 
the personal-computer programs, the 
programs are called shells or tools. 
They are incomplete and become ex- 
pert systems only when a knowledge 
base—the expertise on a particular 
subject—is added. 

Knowledge is added to these sys- 
tems in one of three ways: rules, 
frames, or logic. Rule-based systems 
use a series of if/then statements. 

"Suppose I want to create an expert 
system to trouble-shoot my car," said 
Bruce Buchanan, professor of com- 
puter science at Stanford University. 
"In a rule-based system, one rule 
might be, If the gas tank is empty, then 
get gas.” 

Frame-based systems use examples 
and become a network of associations. 
“With these,” continued Buchanan, “I 
must explain what a gas tank is and 
how it works.” And in a logic-based 
system each component must be spec- 
ified as a mathematical formula. “Sys- 
tem knowns, such as the gas tank, 
become constants,” he said, “unknowns 
become variables, and the program be- 
comes a theorem prover.” 

Of the three, rule-based expert sys- 
tems are easiest to program. But ease 
of use is relative: All companies warn 
that a novice computer user will have 
trouble converting an expert's knowl- 
edge into rules that the computer can 
understand. For that reason, when 
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Campbell Soup decided to use Texas 
Instruments’ Personal Consultant 
expert-system shell, they also hired 
one of the company’s expert-system 
programmers, formally called a knowl- 
edge engineer. 


Is it soup yet? 


"The first thing you do," says Mi- 
chael Smith, knowledge engineer for 
Texas Instruments, “is learn all you 
can about the problems." 

For Campbell Soup, the problems 
were spread around the world. Over 
90 hydrostatic and rotary sterilizers 
are used in various factory sites to 
sterilize the ingredients that go into 
the company's canned soup. Each 
cooker is 72 feet tall and 18 feet at 
the base, and can hold from 55,000 to 
68,000 cans of soup. Whenever there 
was a problem—from a bent can to 
an improper temperature—it meant 
a lengthy phone call, or a visit, by the 
company's trouble-shooter, Aldo Ci- 
mino. That job was to be replaced by 
the expert system. 

“When Smith and I got together for 
the first time,” says Cimino, “I didn’t 
know exactly what he wanted. I be- 
gan by explaining how the sterilizer 
worked. He then began to understand 
what some of the problems were.” 

“The first session with Cimino 
lasted four days,” says Smith. “He 
would explain operations to me, and 
I'd take notes" Smith then went to 
work, writing Cimino's information as 
rules for the expert system to use. “It 
took over a month to put together the 
first system," recalls Smith. “I then 
showed the hundred-and-ten-rule 
package to Cimino, and we tried it.” 

The trials went on for several 
months. Each time, Smith would 
change or add rules to the program 
to more accurately reflect Cimino’s re- 
sponses. The final system contains 151 
rules. 

“At first,” says Cimino, “I didn't be- 
lieve that what I knew would be bene- 
ficial to anybody. However after going 
through the whole system, I believe 
that ninety percent of my knowledge 
is in the program. It will give people 
unfamiliar with a cooker a general 
idea of where to look for a problem. 
For those knowledgeable in the field, 
it will save a large amount of time.” 

What about the other 10 percent? 
The experts are quick to point out that 
there is always room for human in- 
tervention. “If most of the decision- 
making responsibility is done by the 
machine, it is an expert,” says MIT’s 
Davis. But expert systems can be used 
as colleagues or assistants as well. “It 
depends on how much of the final 
work is done by the human, and how 
much is done by the machine.” 


ased systems like Wizdom 
st nce. Its conclu- 


Can anyone become an expert using 
one of these programs? To find out, I 
tried The KDS System to become a 
crackerjack electronics technician. The 
expert shell comes on one disk; the 
knowledge base, in this case one with 
rules for trouble-shootin 
complicated film-inspection device, is 
on a second disk 

The program begins by asking gen- 
eral questions about the type of fail- 
ure you're trying to trouble-shoot (see 
photos). I answered by selecting a 
numbered answer from a menu or by 
typing a “Y” or “N” for yes or no. I 
entered a “?” if I didn't know the an- 
swer. For every response I gave, the 
program showed me a new screen and 
the questions became more specific. 

“It’s going through its rules," Bar- 
bara Wallace, president of KDS and 
developer of the program, told me, 
"eliminating ones that don't apply to 
your answer and finding ones that do." 
This step-through process is called 
chaining. Expert systems use forward 
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Trouble-shooting electronic ge 
done in steps using the KDS expert sy 
tem. The questions begin easy, and be- 
come harder as the system narrows 
down a cause (top three photos). Based 
on your answer, the system tries to 
determine the problem. 
not enough information is 
(far left photo); other times the solu- 
tion is given (left). 
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Forecasting and management control 
are powerful applications for expert 
systems in business. Above, Trigger's 


chaining to arrive at a conclusion 
based on facts and backward chain- 
ing to derive the facts from a known 
conclusion 

“When it runs out of rules befo 
reaching a conclusion,” Wallace con 
tinued, “it asks you another question. 

In my first try, I told the system that 
a light would not come on as it should. 
Then I answered the questions to in- 
dicate that all the electronics worked 
properly. Result: The system correctly 
told me to change the bulb. That's not 
a milestone in electronic trouble- 
shooting, but in subsequent tries I 
gave erroneous answers deliberately 
The system surmised something was 
wrong: It decided that three separate 
failures were needed to create the sit- 
uation I described. That’s unusual, so 
it then inferred that I had made a mi 
take in one of my answers by offering 
me a chance to a 
question: 

For real-life problems, the question- 

reply becomes important to all 


/s show how well sales 
extual displays suggest 
which to improve sagging sales. 


ems. “In many deci 
making situations the user won't know 
the answer," says Davis. "One of the 
most important characteristics of these 
programs is that there is no single 
question that it must absolutely have 
to get an answer. It will do its best to 
make the best decision based on the 
information it h; 
Another, | 


stem used to arrive at an an- 
swer. “The user can ask Why?” 
Davis, “and the program shows the 
rules it used. Or he can ask Why didn't 
you suggest? and the program shows 
the rules that changed its mind. Or 
he can ask How would you decide? and 
the system tells the user the rules it 
would use in that situation." 

Asking a tem to predict what 
would apply if something were to occur 
is a bit like organized prophecy. In 
businesses—especially those that deal 
with numbers—it's called forecasting. 


Hardwar 
Personal Consultant Plu 
tems could do the same fc 


Future s 


"Consider on the one hand 
a spread-sheet program," 
“and on the other you hav 


s Davis, 
a spread- 
sheet program and a financial expert. 
With one you can do calculations and 
answer interesting questions. With the 


other, you'll have, well, the judg- 
ment to know what questions to ask." 
Programs like Expert Ease and 
Wizdom PX learn from experience. 
You enter sample data acros i 


e e to num- 
, it does let expert systems more 
take on such jobs as financial 
advisor, investment counselor, sales 
and marketing strategi and bank- 
ing. It can go from acting as a teller 
to making the decisions of a loan 
officer. 

At present, however, it is premature 
to determine just how well expert sys- 
tems will perform in these or any 
other jobs. *With almost any new tech- 


ntinued on page 11 
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The control unit's computer-syn- 
thesized voice talks you through 
programming five operating modes: “si- 
multaneous" mode uses both solar and 
utility heated water; "time interval" 
uses utility heat one hour before peak 
use periods; “solar priority" uses all 
solar heat before switching to utility; 
"vacation" prevents utility from switch- 
ing on; “now” overrides all programs 
for two hours. Press the information 
button, and the unit verbally tells you 
present temperatures in the collector, 
Storage, and water heater. 
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Make a few simple connections, and this solar water-heating 


system is plugged into an existing electric water heater. If 


you move, you can take it with you. The system includes a 
collector, heat storage, and a control box that talks. 


By RICHARD STEPLER 


ang! The sound, like a gunshot, 

startled me. But it was just 

Danny McCall’s way of showing 

that the translucent plastic cover of 

his solar water heater could withstand 
sharp impacts. In this case, his foot. 

McCall was demonstrating his com- 
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pany’s new solar appliance, the En- 
ergy Garden. “Most of the components 
are inside this four-by-eight-foot mod- 
ule,” he explained. “That means you 
can take it with you if you move.” Two 
24-volt pumps are the system’s only 
moving parts (see cutaway). The paraf- 
fin phase-change material, developed 
by NASA for the space shuttle, stores 


TRIPLE-WALL HEAT EXCHANGER 
155 LBS. FOOD-GRADE PARAFFIN 


energy (changes from a solid to a liq- 
uid) at 125 degrees F That means the 
system operates at lower, more effi- 
cient temperatures. The control unit 
can be programmed so that the sun 
provides from 40 to 70 percent of the 
energy to heat water, says McCall. 

Connecting Energy Garden to an 
electric water heater is easy: Two plas- 
tic pipes from the unit are attached 
to a two-way connector at the water 
heater’s drain. 

Exemplar (Box 9027, Hickory, N.C. 
28603) sells the Energy Garden Mas- 
ter Module for $2,495. Amplifier units 
(needed for families of more than two) 
cost $1,974. Hs 


A focal point for lawn and garden, this clever design orga- 
nizes storage into separate sheds standing high and dry on 
a pedestal deck that includes a built-in sandbox. 


By CATHY HOWARD 
Design by Julia Lundy, A.S.L.A. 


usual glance out the kitchen win- 

dow stops you short with the re- 
alization that your backyard storage 
shack has become a blight on the land- 
scape. When this happened to me, I 
researched commercial sheds and soon 
saw that I'd be replacing my eyesore 
with something nearly as bad. 

I wanted a shelter with the elegance 
of the lawn and garden it would serve, 
so I sought out a landscape architect. 
As we discussed what the structure 
could provide, the project grew into the 
split-shed design you see above. This 
automatically separates the lawn gear 


T comes the day when your 


from the garden equipment and—by 
providing two relatively shallow, fac- 
ing “closets”—avoids the jumble of a 
large one-room catchall. The breeze- 
way between the sheds lightens the 
bulk and cuts off less of my kitchen- 
window view. 

As a bonus, the structure gives focus 
to the outdoor play of our small chil- 
dren. The elevated deck gets them off 
the damp grass (and provides a great 
jump-off platform). We even built a big 
sandbox into one corner, with a hinged 
lid to keep out rain and debris. I've 
come to appreciate the veranda effect 
of the deck, and often rest here after 
outdoor chores (in a lawn chair that 
stores in one of the sheds) while over- 

Continued 


Tucked into the two sheds are shelves 
for storing lawn and garden equip- 
ment. There's floor space for a mower 
and tiller, which roll down the ramp. 
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Siding is trimmed flush with the door 
openings, then run up the gables. 


seeing the activities of my heirs. When 
they outgrow the sandbox, it will be 
converted into a large planter by re- 
placing the sand with soil. The lid can 
then be removed or left permanently 
hooked up against the wall as a deco- 
rative framed panel. 

We built the box by framing it right 
through the platform so that its frame 
rests on grade. (Following the advice 
of the Western Wood Products Assn., 
which worked with the designer, we 
used cedar or pressure-treated lumber 
throughout so ground contact would 
be no problem.) When we noted the 
depth of this pit, however, we decided 
it would take a wasteful volume of 
sand to fill it, so we installed a plat- 
form of cedar planks that would give 
us the proper depth of sand. The 
cracks between the planks allow for 
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Sandbox/planter is a frame within a 
frame. You can add a sturdy cedar 


drainage, should the cover ever be left 
up during a rain. If we later want to 
plant an ornamental tree or large 
shrub here, I'll remove the platform 
and fill the pit with soil down to grade. 

The two rectangular sheds measure 
about 5% by 7% feet, and the inte- 
rior walls can be lined with tempered 
perforated hardboard to take a vari- 


‘ety of tool hangers. We finished the 


exterior with a handsome silver-gray 
stain. My youngsters promptly 
claimed both sheds as playhouses and 
had to be evicted so we could plan our 
lawn and garden storage. 
Construction procedures are shown 
in the dimensioned drawings and the 
photos above. The first step is to lay 
out and dig for the nine concrete piers. 
In areas subject to frost heave, it’s best 
to drop these piers just below the frost 


Deck joists bridge beams supported by 
nine posts. Cedar 2x4s are nailed 
across the joists (left). The ragged for- 
ward edge will be trimmed with a cir- 
cular saw to leave a square pit for the 
sandbox. Framing for the sheds is 
erected on sill plates spiked to the 
deck, then covered with cedar siding. 


platform at a level that gives you the 
proper depth of sand or soil (see text). 


line and pour some gravel into each 
hole to rest the tubular forms on be- 
fore filling them with ready-mix con- 
crete. Embed a post anchor at the top 
of each pier to take the 4 x 6 posts once 
the concrete sets. You don’t even have 
to strip the forms before backfilling; 
if you apply a skirt as shown, the piers 
won't be visible, and they protrude 
only a few inches above grade anyway. 

Using a string level, trim all nine 
posts to identical heights, then bridge 
them with three 4x10 beams as 
shown in the construction drawing. 
Check each beam with a carpenter’s 
level as it is installed. This method 
ensures a level deck even if there’s a 
compound slope to your yard. The 
height of the posts also determines the 
final height of the deck itself. The di- 
mensions shown in the drawing are 
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for a deck that's three easy steps up 
from grade; this can vary to suit the 
demands of your site. 

Joist hangers are the easiest way 
to install the 2x8s between the 
beams. Since this support framing is 
also hidden (once the 2 x 4 cedar deck- 
ing is nailed on), you can use pres- 
sure-treated lumber here without 
any finish. 

Outline the periphery of the deck 
with a ribbon of 2x6 cedar, mitered 
at the four corners. (The only break 
in this ribbon is to allow for the de- 
scent of the ramp.) Next, surface the 
area within this frame by nailing 
down cedar 2 x 4s. If you're including 
the sandbox/planter of our design, 
don't, of course, deck this corner. In 
nailing on the 2x 4s, center any end 
joints on a joist, and stagger such 


joints so that they don't align. Be sure 
to place all deck boards “bark side" 
up so that any cupping as they 
weather will tend to shed water to- 
ward the cracks. A good rule of thumb 
is to use 16-penny nails as spacers be- 
tween the last board nailed down and 
the next one to be applied. 

Drive one nail into each joist the 
deck board crosses, in a zigzag pat- 
tern about an inch from each edge. 
When nailing near ends, it's best to 
pre-drill to avoid split-out. Use only 
aluminum or hot-dipped galvanized 
nails to avoid rust stains later. This 
also applies to nailing on your siding 
planks. 

Once the deck is complete, you have 
a work platform on which to erect the 
shed framing. Frame all four walls of 
both sheds, then tie the two frames 
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$ 


together with the framing for the hip 
roof. Lay out the ridge, cut 12 identi- 
cal common rafters, and nail this as- 
sembly in place. Measure for the hip 
rafters and install as shown above. 
Various siding patterns are available, 
including beveled lap, if you want 
more surface texture. 

It took nine bundles of cedar shin- 
gles to do this roof (plus two bundles 
of hip and ridge singles). Note that 
we skipped a roof deck, nailing on, in- 
stead, properly spaced lath to which 
the shingles were nailed. For an airy 
design, we left the space between the 
sheds unroofed, staining the two ex- 
posed rafters on each side of the con- 
tinuous ridge to match the siding. If 
you prefer more shelter over the shed 
doors, extend the shingling—but con- 
sider a central skylight or two. HE 
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Concerned about air quality? 
Build your own 


air-to-air 
heat exchanger 


You've insulated and caulked your house to keep the heat in. But 
perhaps you'vetrapped some nasty pollutants. You can use an air-to- 
air heat exchanger to change foul air for fresh, and save much of 


your heat. If you build it yourself, you'll also save a bundle. 


By V. ELAINE GILMORE 
Drawing by Adolph Brotman 


hole-house air-to-air heat ex- 
Wes usually cost $350 to 

over $2,000 [PS, Jan. '83]. But 
with a few tools and a bit of time you 
can build this one for around $200. 
How much time? Northern Scientific, 
the company that developed the plans, 
says one to three weekends. 

An air-to-air heat exchanger is a 
simple device that transfers heat from 
a warmer to a cooler airstream but 
does not let those airstreams mix. The 
result: It brings fresh air into your 
house, pre-warming the incoming cold 
air with heat from the outgoing stale 
air—or precooling fresh air in the 
air-conditioning season. Excess mois- 
ture and pollutants end up outside. 

Most houses do not need a heat 
exchanger. They get more venti- 
lation than they need—through 
cracks, holes, and leaky windows and 
doors. But houses that have been care- 
fully caulked, weatherstripped, and 
wrapped in a vapor barrier can be too 
tight. Excessive humidity can build 
up inside. Worse, so can hazardous 
chemicals—formaldehyde, oxides of ni- 
trogen, carbon monoxide, and radon, 
for example [PS, Oct. '80]. A heat ex- 
changer can reduce their concentra- 
tion without throwing a lot of costly 
heat out the window. This build-it- 
yourself model, the Northern 250, 
should recover 60 to 75 percent of the 
heat, says Dennis Rogoza, president 
of Northern Scientific. The efficiency 
of the one you build depends on how 
carefully you build it. 

Commercial heat exchangers usu- 
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ally have metal cases and automatic 
controls. This one has a plywood cab- 
inet and a timer to turn the fans on 
and off. The heat exchanger should be 
located where it's warm. Ducting con- 
nects it to inlet and outlet ports in 
various rooms of your house. 

While you should be able to build 
the heat exchanger with the informa- 
tion here, you can order an 80-page 
manual for more details ($22.90 ppd 
from Northern Scientific, Box D, 
Minot, N.D. 58702). It includes exten- 
sive chapters on installing ductwork; 
balancing airstreams; operation, main- 
tenance, and trouble-shooting; and 
step-by-step building instructions. (Be- 
fore building, check your local code.) 


The core 


The core of the Northern 250 is 
made of double-wall plastic panels 
called Coroplast, available at many 
lumberyards ($20—$30 for a four-by- 
eight-foot panel). Thin plastic strips 
partition the gap between the two 
walls into small air channels. These 
become the fresh-air passageways. The 
stale-air passages are created by spac- 
ers: strips of Coroplast that you glue 
together to form double-thick stacks. 

The company sells core kits, with 
all the Coroplast cut to size, for $94. 
If you prefer to build the core from 
scratch, buy three four-by-eight-foot 
panels of Coroplast. Cut them into six 
four-by-four-foot pieces (a utility knife 
will do), then cut five of these to 16 
by 24 inches. The channels must run 
parallel to the 16-inch side. Twenty- 
nine of these will be the plates for the 
fresh-air passageways; the 30th will 
become the drain pan and air dam. 


Cut the remaining four-by-four-foot 
Coroplast panel to form spacers. First 
cut the panel into six 16-by-24-inch 
pieces (channels paralleling the 24- 
inch side). Then cut the strips: Each 
spacer should be two channels wide, 
or about % by 24 inches. Cut 28 of 
these in half, forming 56 12-inch spac- 
ers. (Leave the remainder 24 inches 
long. Two will form the air-dam track.) 

Glue the core parts together in a 
three-sided wooden box to ensure 
squareness. You can make it of %-inch 
ply and later use it as part of the heat- 
exchanger cabinet. Protect the box 
from glue by taping wax paper inside. 

Begin assembling the core by put- 
ting one 16-by-24-inch Coroplast panel 
into the corner of the jig. Tap in a few 
finishing nails along the edges to keep 
it in place. You'll need about six tubes 
of butyl adhesive. Put one in a caulk- 
ing gun and run a bead of adhesive 
parallel to the two long sides of the 
panel, about % inch from the edges, 
and another bead 12 inches long in 
the center of the panel. Place a 24-inch 
spacer over each of the outside beads 
(4 inch from the edge) and a 12-inch 
spacer in the center. Next, glue an- 
other set of spacers on top of the first. 
Follow with more adhesive and a sec- 
ond 16-by-24-inch Coroplast panel. 
Continue to stack panels and spacers 
until 29 panels have been stacked. 
Keep your stack straight. Place a 
weight on top, and let the core dry for 
48 hours. Remove it from the jig, and 
glue on the angled corner pieces. 


The cabinet 


To build the heat-exchanger cabi- 
net you need two sheets of %-inch ply- 
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fresh air and one to exhaust stale air. Below is an exploded 
drawing of the unit. At lower left is an exterior view of 
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wood, assorted hardware, and six 
square yards of '?-inch-thick ure- 
thane-foam carpet backing. The foam 
acts as a seal and a vibration damper. 
Cabinet dimensions and assembly 
instructions are noted on the drawing. 
When the cabinet is assembled, paint 
the inside with two or three coats of 
marine enamel to protect it from 
moisture. When the enamel is dry, in- 
stall the fans (with bolts, nuts, and 
lock washers, countersinking the bolt 
heads). Northern Scientific recom- 
mends Dayton fans (available from W. 
W. Grainger, Inc., 5959 W. Howard St., 
Chicago, Ill. 60648). Ask for model 
4C447 (or larger 4C444, if needed). 
Attach the cowling to the stale-air 
blower, and tape cowling and duct to- 


gether with duct tape, leaving a space 
to dampen motor vibrations. The ply- 
wood adapter lets you mount a round 
duct collar (not shown) over the rec- 
tangular fresh-air outlet. Another 
round duct collar fits into the fresh- 
air intake port to connect it to your 
duct system. A duct boot with a four- 
by-10-inch opening on one end and a 
circular opening on the other fits on 
the stale-air outlet port. 

You want the core to slip in and out 
easily without tearing the foam. Thus 
you should round off one corner of 
each core guide (the one nearest the 
core) and file down the square backs 
of the core corners. Locate and attach 
the core guides. Over each, staple a 
piece of foam as shown, and over the 


foam, staple heavy-duty plastic pack- 
ing tape. Glue and staple the foam to 
the back. 

Make the air dam and tracks from 
Coroplast; the tracks are glued across 
the center of one 24-inch side of the 
core. Make the drain pan, gluing the 
lip to three sides of the base. Use a 
hose connector in the drain hole, and 
seal around it with silicone. 

Line the sides of the cabinet and the 
access door with foam. The door should 
press firmly against the core. Cut and 
assemble the top cover. Then you're 
ready to finish the cabinet—any way 
you want. Wiring the fans and timer 
and installing the ductwork may re- 
quire a professional. To tackle these 
tasks yourself, order the manual. 
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To build the butcher-block table top, see 
the text. Construction of the support 
Structure is as follows: Rout out semi- 
circular pockets for the shelf supports 
using a plywood template with a hole 
through it. Clamp two legs together, 
and center the hole on the joint. Turn 
the top upside down, and clamp a pair 
of legs in place, carefully squaring 
them to the top. Measure between the 
pockets for the shelf-support length. 
It's best to cut the slat dadoes from a 
piece of double-width stock and then 
split it. Curve the ends to match the 
pockets. Clamp the leg assemblies in 
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place on the upside-down top. Measure 
and cut the slats, leaving them just a 
hair long. Round the slats, and glue 
them into place. Measure the distance 
between legs on the outside, and cut 
the drawer frame sides 1 in. shorter. 
Fasten the side frames and rear frame 
in place with screws. When the glue is 
set on the slats, remove the leg assem- 
bly for fitting the drawer. The drawer 
shown—with softwood sides and ap- 
plied maple front—is neat, durable, 
and easy to build. A convenient knife 
holder can be installed inside the draw- 
er (see photo insert, left). 
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To many a home craftsman, 
the durable checkerboard sur- 
face of a well-made butcher 
block is a bench mark of wood- 
working skill. Here's how to 
make a cutting stand you can 
wheel from kitchen to patio. 


By CY WEDLAKE 
Photos by Jim Wedlake 


ome craftsmen are often dis- 
HH mayed that a piece of store- 

bought furniture costs less than 
raw materials to duplicate it. But the 
value of a homemade butcher-block 
table can greatly exceed the cost of 
materials—and the quality will sur- 
pass that of anything you can get in 
a furniture store. 

Traditional end-grain butcher-block 
tables instantly convey the impression 
that the builder has exceptional ex- 
pertise. Yet, if a few simple procedures 
are followed, the job is quick. It’s also 
wise to save the templates you make. 
I started out by building one for my 
daughter-in-law—but the table at 
right is number nine. 

Try to buy your wood from a 
hardwood-lumber specialist. You'll pay 
less and have a better selection than 
you would at a lumberyard. Hard 
maple is the traditional material for 
end-grain butcher blocks. Avoid the 
"ring porous" woods like oak because 
it's hard to seal the end grain. Select 
clear planks that are free from brown- 
ish streaks. Tell the clerk that you 
want eight-quarter material (mini- 
mum 1% inches thick) in 60-inch 
lengths. 

Maple machines well, but more 
slowly than many other woods, so 
Sharpen your tools and tune your ma- 
chines. It's especially important that 
your jointer knives are sharp because 
you'll be dressing across the side grain 
and you want to avoid “crack out" at 
the end of the cuts without having to 
turn the stock. 

The next step is to rip and dress the 
edges of the top wood. Be careful here 
because this is the point at which you 
determine the ultimate beauty of 
the top. Lay the pieces on a bench 
and examine the end grain. Shuffle 
the pieces around to get the most 
pleasing grain pattern. Go for a sin- 


you can build chop-chop 


uous pattern that flows, as nearly as 
possible, from edge to edge without 
interruption. 

Have everything ready for gluing be- 
fore you start. A dry run to adjust the 
clamps is a smart idea. Use a yellow 
aliphatic glue such as Elmer's Profes- 
sional or Titebond. Apply the glue to 
both surfaces, and flatten the bead 
with a thin paddle. Plenty of clamps 
and only moderate pressure should 
squeeze out glue along every line. 

Detach the clamps after an hour or 
so—before the squeezed-out glue has 
completely dried. Remove most of the 
excess glue with a scraper. Now draw 
a diagonal pencil line across the top 
of the panel. This will make it easy 
to maintain the orientation of the seg- 
ments after they're cut off. 

Cut off a 42-inch apron piece from 
one end, and reset the saw's fence for 
cutting the center segments. The last. 
piece to come off is the 41-inch blank 
for the opposite apron. You'll have to 
reset the fence twice, but you'll be 
maintaining the grain pattern and 
getting a smooth color gradation. 

As the pieces come off the saw, lay 
them on the bench in their original 
order. The diagonal line will tell you 
whether you have mixed up the pieces. 
Number one end of each piece, and 
underline each number. Then rotate 
the pieces clockwise so each underline 
is on your left. Next, flip alternate 
segments 180 degrees so their marked 
ends face the opposite direction. You'll 
now have the underline on the left on 
both sides of your assembly, with all 
numbers in sequence—odd on one 
side, even on the other (see drawing). 
This procedure gives an interesting, 
repetitive pattern. 

Dress the sides of the segments and 
aprons in the jointer to clean off the 
glue and form a good surface for ad- 
hesion. Small variations in individual 
segment thickness won't matter. 

Now glue the top. It's best to glue 
the center pieces first and add the 
aprons later. Make sure the wood is 
protected from clamping marks. You'll 
save aggravation and sanding belts if 
you again take the assembled panel 
out of the clamps and scrape off the 
squeezed-out glue before it's set. 

The procedure for building the front 
and rear aprons is similar to that em- 
ployed for the rest of the top (see draw- 
ing). With the end aprons in place, do 
your first rough sanding on the top. 
Knock down the remaining glue, and 

[Continued on page 117 


Popular Science leisure-home plan 


Bermed T 


Earth-sheltered, passive-solar-heated, and superinsulated, 
this house is inspired by Frank Lloyd Wright's Usonia de- 
Signs. You can order plans for building your own version. 


By AI LEES 
Rendering by Randy Padorr-Black 


Science has commissioned from 
architectural designer Charles G. 
Woods have been among the most pop- 
ular in this long-running series. This 
is Woods's ninth home for PS, and it 
may be his most spectacular. At nearly 
3,700 square feet, it's larger than 
most, but that's gross footage, and it 
includes the large garage-workshop- 
greenhouse wing—the stem of the T. 
Intended as an updated homage to 
Wright's famous Usonia homes, the 
Bermed T is designed on Woods's 
usual four-foot-square module, so can 
easily be reduced or increased in size. 
The floors and walls are concrete, the 


T heearth-sheltered homes PoPULAR 


How to order your plans 

One set of detailed plans for this house is 
$150. Each additional set is $25, and or- 
ders should include $15 for handling and 
postage. Address orders to Charles G. Woods 
& Assoc., RD 3, Box 538, Honesdale, Pa. 
18431. Visa and MasterCard are accepted. 
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roof structure is exposed beam and 
plank, and the entire envelope is wa- 
terproofed with butyl rubber. 

Skylights and inner courts bring 
sunlight to rooms that don't have win- 
dows along the long south-facing wall. 
Trellised overhangs shade this south 
glazing from the heat of the high sum- 
mer sun, but let winter sunlight pene- 
trate deeply to warm the structure's 
masonry mass. Earth berming along 
all north walls tempers cold winds and 
reduces winter heating needs. 

Note that the central section, where 
the three wings intersect, is two sto- 
ries high. A library loft floats above 
the living room and is reached by spi- 
ral stairs. This extra level adds the 
spacial variety lacking in typical un- 
derground designs. us 
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Kitchen counters and 
ultralight aircraft inspire 


clever boat-building 


Construction of a sailing skiff (left) 
begins with the fiberglass planks Hen- 
ry Reluga masks out on a Formica- 
laminated surface (top). After brushing 
on à red gel coat and letting it dry, he 
ys down the first fiberglass mat. Then 
he brushes on clear resin, rollering it 
to penetrate the cloth (middle). He re- 
s this step several times to build 
plank, then peels it off the table. 
To join the planks, Reluga inserts them 
into a mock-up jig (above), tapes the 
joints on the outside, then lays up suc- 
cessively wider pieces of fiberglass 
roving to cement the seams. 


Two home craftsmen have developed very different methods of building small 
boats—one using fiberglass, the other Kevlar aramid. The results: low-cost, 
easy-to-make home-builts that can match custom-built craft. Even if you never 
build a boat, these techniques may spark ideas for other projects. 


technique 


By SUSAN RENNER-SMITH 
ome boat builders are an 
H inventive—even restless— 
breed. Those I’ve known build 
boat after boat, always trying new ma- 
terials and methods. 

“Tve built dozens of dinghies,” Hen- 
ry Reluga says, standing on the deck 
of the redwood house he also built. 
From the deck I can see his current 
boat-building project, a 54-foot motor- 
sailer that looks like Noah's ark come 
to rest on a Connecticut hilltop. Re- 
luga's most recent dinghy, a bright- 
red 11-foot skiff, rests on a trailer 
nearby. "I've used it for two seasons," 
Reluga says as we walk down to in- 
spect the shiny hull, “and I haven't 
done a thing to maintain it.” The all- 
fiberglass boat looks brand new. 

Reluga and Platt Monfort, another 
Yankee craftsman, have each devel- 
oped radically simple methods for 
building small boats. Working inde- 
pendently (Reluga in Connecticut, 
Monfort in Maine), each sent POPULAR 
Science a report on their efforts. I 
found that their results can equal—or 
surpass—the quality of professionally 
built boats. 

“There’s not much competition in 
my line,” Monfort tells me, referring 
to the aircraft-type aramid-and-poly- 
ester canoes he’s built. “This is a new 
way to make a boat.” 

You have no desire to build a boat 
—ever? You may find other uses in 
your shop for the unconventional tech- 
niques developed by these craftsmen. 
To appreciate their cleverness, you 
should know how homemade boats are 
usually constructed. 

The simplest way to build a dinghy 
is to glue together a plywood box, then 
paint it. “Here’s what a plywood din- 
ghy looks like after a few seasons,” 
Reluga says, flicking a paint chip off 
a battered-looking craft. “I used to 
paint this every spring.” 

For a lower-maintenance craft you 
can coat the plywood with epoxy or 
face it with fiberglass cloth. “I’ve done 
both,” Reluga says. “Either way, you 
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Jig for an 11-ft. skiff has five rough 
wood frames (stations) with joint an- 
gles precisely laid out. Fiberglass 
planks rest in the jig while joints are 
cemented and rub rail is epoxied on. 


have to do an enormous amount of 
sanding before you can paint.” 

Another route to a maintenance-free 
boat is to build a mirror-image mold 
and then lay fiberglass mats inside it. 
Making the mold is tedious and tricky: 
All curves and angles must be repro- 
duced precisely, then the mold surface 
must be faced with a smooth mate- 
rial and waxed so the fiberglass will 
lift off when cured. 

"| didn’t want to build a mold,” 
Reluga says. “I needed a better way 
to build the boat I wanted—a hull 
that would be very strong, would last 
a good while, and would have a smooth 
surface." 

Reluga devised a way to make the 
boat out of six fiberglass panels. His 
key insight was to use high-gloss For- 
mica laminate as the surface for work- 
ing with the fiberglass. “I tried using 
wetted Masonite hardboard the way 
custom boat builders do, but the gel 
coat [the tough resin finish coat] didn't 
come out smooth. 

"Then I saw this mirror-finish For- 
mica," he says, gesturing at the shiny 
surface of his particleboard worktable. 
As he talks, he spreads clear resin 
atop the previously applied gel coat, 


then unrolls a piece of fiberglass mat- 
ting (see photos). "You can laminate 
up a boat section like this in an hour," 
Reluga says as he rolls resin across 
the fiberglass. “When it dries, this 
whole thing will pull right off the For- 
mica, ready to go without sanding or 
painting," he adds. 

To assemble the sections into a boat, 
Reluga places them into a jig. "The 
jig is very crude," he says. “You use 
the cheapest lumber and put it to- 
gether fast" For the boat shown, he 
used five cross-braced frames— 
stations, in boat builders' argot—to 
hold the boat sections in the proper 
alignment (see drawing). After taping 
the joints on the outside, he applies 
fiberglass to the inside. A laminated 
wood gunwale provides all the stiff- 
ening needed. 

“T would unhesitatingly say it takes 
much less time to build a fiberglass 
boat than a plywood one," Reluga says. 
“It took me about 50 hours to build 
this boat, excluding mast and sails. 

“And the method has more than 
speed to recommend it. You get supe- 
rior results virtually impossible to du- 
plicate in plywood,” Reluga adds, 

Continued 
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Corrugated-cardboard stations support 
the light canoe frame. Crisscrossed 


strips of aramid roving add strength 
so thin wood ribs can be used. 


See OU. TENOR. 2 


A 

Whitehall Jr. (right), designed by Platt 
Monfort to be stable in heavy chops. 
Snowshoe 14 (above) weighs 20 Ibs. 


gesturing at the bright-hulled skiff on 
its trailer. “This little skiff can with- 
stand a lot of abuse.” 

The three-passenger boat, which 
cost Reluga about $200 to build, would 
cost about $2,000 to buy, he estimates. 


From planes to canoes 


“I wanted to design an ultralight 
aircraft,” Platt Monfort says, explain- 
ing the roundabout way he developed 
the Kevlar-aramid-based boat-building 
technique he’s dubbed Geodesic Airo- 


Home boat builders 
tackle aluminum 


Aluminum is both lightweight and durable, 
but welding it requires more sophisticated 
skills and equipment than does welding steel. 
“We have been amazed at the number of peo- 
ple experienced in aluminum," says Glen L. 
Whitt, president of Glen-L Marine Designs 
(9152 Rosecrans, Bellflower, Calif. 90706). 
“Our business is boat plans, but we don't put 
them out unless there's enough demand. The 
Double Eagle boat is our response to the many 
people who've asked for aluminum boat 
plans." Glen-L's new 23-foot craft can be built 
in plywood (plans and full-size patterns, $80) 
or aluminum ($90). “A good aluminum welder 
can put a boat together much faster than he 
can working with wood," Whitt adds. 
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lite. “I built an eight-pound canoe just 
to test my theories of aircraft construc- 
tion. I put it in the water, proved that 
it worked—then stood it in a corner 
of my workshop." 

Three years later, as an afterthought, 
he brought the canoe along to an ex- 
hibition of aramid-based aviation de- 
signs. "The canoe was a hit," he says, 
*and people started asking for plans 
and kits." 

According to Monfort, most home 
boat builders today make canoes by 
painstakingly edge-gluing thin strips 
of planking together to make a shell, 
then sandwiching the shell between 
layers of fiberglass and sanding it 
smooth. Others build up a laminate 
using super-thin strips of wood veneer 
bonded together with epoxy [PS, March 
'84]—an equally tedious process. 

“For my canoes, I use a simple bas- 
ketlike wood framework reinforced 
with aramid roving [straight, multi- 
fibered strands],” Monfort says. “I 
cover the whole works with a super- 
lightweight heat-shrink polyester, the 
kind used for airplane wings.” 

Monfort’s method has four other 
unusual—and time-saving—features: 

* The quick-construct building 


jig has hull supports cut from cor- 
rugated cardboard instead of plywood. 

* The boat's ribs are so thin 
they can be water-soaked instead of 
steamed. 

* The lengths of aramid are sim- 
ply wrapped from gunwale to gunwale 
across the wood framework (ribs, keel, 
and longitudinal stringers)—no gluing 
or nailing is needed. 

* The polyester skin is smoothed 
with a household iron, then finished 
with two coats of urethane varnish in- 
stead of multiple coats of airplane 
dope. 

"These boats are so lightweight, 
they're easy to build. It's much less 
work to make one of these boats than 
by using any other method. When 
you have a 20-pound boat, there just 
isnt that much material to handle," 
Monfort says. 

For example, the mayor of a city in 
Maine put together the 12-foot canoe 
kit. “He built it in three weeks—in 
his spare time—in his living room," 
Monfort says. "This is not a messy 
boat to build. In fact, a number of 
them have been made in living rooms." 

Not only is the method simple, but 
the boats are much lighter than con- 
ventional canoes. One of Monfort's 
newest designs, the 10-foot Whitehall 
Jr., weighs just 18 pounds. 

“I wanted to make a boat that's neat 
for kids—simple to build, lightweight, 
easy to handle—seaworthy, and cheap 
enough that you can afford to give it 
to the kid,” Monfort says. “It’s all that. 
But this boat also takes a hell of a 
load. We've had a 225-pounder aboard 
testing a heavy outrigger rowing rig 
with nine-foot oars.” 


New workshop materials 


Monfort suggests at least one other 
use for his Geodesic Airolite construc- 
tion method. “Suppose you need an 
aerodynamic shell for a high-speed 
bicycle—this would be ideal for that, 
or any other vehicle that needs a light- 
weight fairing,” he says. And Henry 
Reluga sees many possibilities for fi- 
berglass plank construction. “It’s ideal 
for building shower stalls, durable out- 
door furniture, poolside slides, and to- 
boggans,” he says. For projects with 
multiple curves he suggests using a 
reinforcing beam made by laminating 
fiberglass over a rope or piece of plas- 
tic tubing taped to the back of the 
object. 

Reluga (102 Higley Rd., West Gran- 
by, Conn. 06090) provides project sug- 
gestions along with complete dinghy 
plans for $20. 

Monfort (RFD 2, Box 1490, Wiscas- 
set, Maine 04578) offers a data sheet 
on eight boats for $1. Complete plans 
cost abut $20; kits, $295. us 


With NRI training at home, you can... 
Move up to a high paying 
career servicing computers 


And you can start by a 


INVI sowon 


ctually building NRI's 


16-bit IBM-compatible computer. 


You can create your own bright, 
high paying future as an NRI trained 
computer service technician. The 
biggest growth in jobs between now and 
1995, according to Department of Labor 
predictions, will occur in computer 
service and repair, where demand for 
trained technicians will double. There is 
still plenty of room for you to get in on 
the action—if you get the proper- 
training now. 


Total computer systems 
training, only from NRI 


To learn how to work on 
computers, you have to get inside one. 
And only NRI takes you inside a 
computer, with total systems training 
that gives you hands-on experience with 
computers, peripherals, and software. 
You'll build a Sanyo MBC-550 series 
computer, which experts have hailed as 
the "most intriguing" of all the new IBM- 
compatibles. The Sanyo even surpasses 
the IBM PC in computing speed and 
graphics quality. 

Even if you've never had any 
previous training in electronics, you can 
succeed with NRI training. You'll start 
with the basics, rapidly building on the 
fundamentals of electronics until you 
master advanced concepts like digital 
logic, microprocessor design and 
computer memory. You'll probe into 
electronic circuits, using the exclusive 


NRI Discovery Lab* and professional 
Digital Multimeter, that you keep. 

You'll assemble Sanyo's intelligent 
keyboard, install the power supply and 
disk drive, and attach the high resolu- 
tion monitor—all the while performing 
hands-on experiments and demonstra- 
tions that reinforce your skills. 


Learn to service 
today's computers 


As you complete your Sanyo, you 
grasp the "secrets" that qualify you for 
anew career. You'll learn to program in 
BASIC and machine language. You'll 
use utility programs to check out the 
operation of the Sanyo's 8088 micro- 
processor (the same chip used in the 
IBM PC). And you also get over $1,000 
worth of software, including WordStar 
and CalcStar. 

Most importantly, you'll under- 
stand the principles common to all 
computers. Only a person who fully 
understands all the fundamentals can 
hopeto beableto tackle all computers. 
NRI makes sure that you'll gain the 
knowledge and skills to maintain, 
troubleshoot and service computers. 


Learn at home in spare time 


With NRI training, you'll learn at 
home on your own time. That means 
your preparation for a new career or 
part-time job doesn't have to interfere 


with your current job. You'll learn at 
your own pace, in the comfort and 
convenience of your own home. No 
classroom pressures, no rigid night 
school schedules. You're always backed 
up by the NRI staff and your instructor, 
who will answer questions, give you 
guidance and be available for special 
help if you need it. 

Let others worry about computers 
taking their jobs. With NRI training, 
you'll soon have computers making 
good paying jobs for you. 


Send for Free NRI Catalog 


Send the post-paid reply card today 
for NRI’s 100-page catalog, with all the 
facts about computer training plus 
career training in Robotics, Data 
Communications, TV/Video Servicing 
and many other fields. If some other 
ambitious person beat you to the card, 
write to NRI at the address below. 


Afr... 


McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue, NW 
uM 
vina 


Washington, DC 20016 
IBM is a Registered Trademark of International Business 
Machines Corporation. 


We'll Give You Tomorrow. 


Alternate-Energy Answers 


By JAN F. KREIDER 


Jan F. Kreider is a consulting engineer specializing in the design and economic 
analysis of solar-energy and energy-conservation systems. He is the author of 
several books on solar technology and a lecturer at the University of Colorado. 


Channeling heat 


Several years ago I added a sun room 
to my house. On sunny January days 
the room's temperature reaches almost 
90 degrees F. How can I use this solar 
heat in the cold north side of the house 
other than just letting it drift north 
as it does now? 
J. David Singer 
Ann Arbor, Mich. 


The best way to accomplish what you 
want is to install a fan controlled by 
an air-conditioning-type thermostat. A 
typical flow rate is four to six cubic 
feet per minute per square foot of glass 
in the sun room. If you reach 90 de- 
grees F in your climate in January, ap- 
parently there is insufficient storage 
mass exposed to the sun. The addition 
of some water barrels or floor mass is 
advisable because elevated interior 
temperatures cause more heat loss dur- 
ing the day. 


Geodesic-dome fireplace 


I am building a 50-foot-diameter geo- 
desic dome, which will be heated by a 
central Russian fireplace on the main 
floor. The fireplace will be mounted 
directly on an earth foundation rest- 
ing on the earth basement floor. How 
can I control heat loss to the earth 
at large? 
H. Vincent Diamond 
Ambler, Pa. 


My inclination would be to isolate the 
foundation from the surrounding earth 
if you have insulated vertically down- 
ward. from the circumference of the 
dome. Your perimeter insulation will 
control basement heat loss, and a heat 
leak from the fireplace to the earth is 
not needed. In summer, the thermal 
break will have additional benefit be- 
cause heat stored in the earth beneath 
your house will not be released into 
the basement all summer long. 


Best water-heater element? 


As an electrical contractor, I replace 
dozens of water-heater elements each 
year in 40-gallon tanks. What is the 
most energy-efficient type of element 
to use? 

Jon R. Forsberg, Montauk, N.Y. 


From the energy-consumption point of 
view, all electrical water-heater ele- 
ments are essentially the same. They 
convert electricity to heat at nearly 
100-percent efficiency. However, in ad- 
dition to the question of consumption, 
one should also consider the question 
of demand control. The usual 4,500- 
kilowatt unit can increase an owner's 
demand charge versus a unit half the 
size. Of course, a unit half the size has 
half the recovery rate. This effect can 
be offset, to some extent, by using a 
larger tank for storage. 


Evaporator cover? 


What is the benefit of covering the 
evaporator of a heat pump with a 
transparent structure in winter? If I 
shade the same unit in summer, will 
the performance be improved? 

Alex Templeman, Radford, Va. 


The only gain in winter would be some 
moderation of outdoor air temperature 
by solar gain through the transparent 
structure. However, without the pres- 
ence of components such as controls 
and storage, the benefit will be small 
because of the mismatch between solar 
availability and heat-pump operating 
time. The structure must be essentially 
open to satisfy heat-pump airflow re- 
quirements. Shading the condensing 
unit in summer has more promise and, 
given the small cost of doing so, is ad- 
visable as long as you don't impede the 
free flow of air. 


Crushed-rock storage box 


My new solar home will use crushed- 

rock storage. Is a vertical or horizon- 

tal airflow through storage better? Is 

there an optimum length for the stor- 
age box? 

Peter Graham 

Great Whale River, Que. 


Both types of storage are satisfactory. 
The construction of a horizontal-flow 
unit requires more care because an air 
bypass over the top of the pebble bed 
can develop with time. This causes 
most air to short circuit around the 
rocks, and storage becomes ineffective. 
A rubber-foam seal, a layer of heavy 
plastic, or baffles extending down from 
the storage-container top can solve the 


problem. The length of the airflow path 
should be at least five feet. For verti- 
cal storage, heated air from the collec- 
tors should enter the top of storage, if. 
possible. 


Concrete vs. fiberglass pool 


I'm planning to install a swimming 
pool in my backyard. Will a fiberglass 
pool retain heat better than a concrete 
one? Can the walls of the pool be 
insulated? 

Ted Kazmar, Saugus, Calif. 


There is little difference in heat- 
retention capability between fiberglass 
and concrete pools because the thermal 
resistance of both materials is very low. 
Pools can be insulated, but you should 
do an economic analysis considering 
the cost of insulating versus the cost 
of energy loss through the pool sides. 
Of course, most pool heat loss occurs 
from the exposed water surface, which 
should be covered when the pool is not 
in use. 


Using excess heat 


Having built a passive-solar green- 
house, I'm delighted with its perfor- 
mance. I have no heat source in it, 
and last year the lowest inside tem- 
perature was 56 degrees F. The heat 
is excessive during the summer, how- 
ever, and I would like to put a solar 
preheater for my domestic-hot-water 
system behind the sloped glass. What 
do you think? 
Barry S. Bidelspach 
Hollidaysburg, Pa. 


This is a fine way to use excess sum- 
mer heat in your greenhouse. You 
should use a single-glazed collector 
about one square foot in area for each 
gallon of hot water needed per day. 
There will be some decrease in collec- 
tor performance because sunlight must 
pass through two panes of glass in- 
stead of the usual one; use low-iron 
collector glass to help remedy this prob- 
lem. In previous columns [March, July, 
and Nov. ’84] I recommended books 
that give design and construction de- 
tails for solar-water-heating systems. 
Before building the water-heater sys- 
tem, give some thought to what you 
will do with the collectors in winter, 
when excess heat is not a problem. 


Do you have a question concerning use of an alternate en- 
ergy such as solar, wind, water, or wood? Wondering about 
energy-conservation techniques for home heating or cool- 
ing? Every other month Jan Kreider answers selected ques- 
tions from readers. Send yours to Energy Questions, PoPuLAR 
Science, 380 Madison Ave., New York, N.Y. 10017. Que- 
ries can't be answered by mail. 
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WOODWORKERS, NEEDLE POINTERS, ALL 
CRAFTSPEOPLE=Projects on most anything: 
Wood, Paper, Fabric, Foam Board! 


Now, Anyone Can Easily 


COPY & ENLARGE 
ANY DRAWING, PATTERN OR PICTURE, 
EVEN 3-DIMENSIONAL OBJECTS! 


This BRAND-NEW EPISCOPE PROJECTOR projects 
directly from snapshots, books, even solid ob- 
jects like coins, mineral specimens, etc. Fine 
Teflector and mirror system, tensity projec. 
tion lens that enlarges images up to 16 feet 
square! Rugged two-tone body and base with 
cooling vents and “on-off” switch. 

No. 4500A—Episcope Projector ... 

EXTRA BULBS FOR YOUR PROJECT 


WARMER WINTER - COOLER SUMMER 
Guaranteed . . . A More Comfortable, Breezier 
Room All Summer Long! 

TURN ANY SOCKET TO A CEILING FAN 
COOLS ANY SIZE ROOM 
Screws Into Standard Bulb Socket 
Save on air conditioning costs . . . and enjoy a 
breezier, more comfortable summer. Put a ceiling| 
fan in any room — without expensive installation. 
Just screw in our powerful, Mini Ceiling Fan and 
turn down the air conditioner. Recirculates lost 
ceiling heat in the winter too. What a great idea! 
Whisper quiet motor. Ivory white color, measures 

62" long. 
No. 8124—Socket Fan .. 
SPECIAL! Two 


19.98, 


3 LAYERED IN | 18KT GOLD 
SET WITH A RUBY-RED 3 CARAT FACETED STONE 


ITS OFFICIAL! Now, you can get an ARMY, NAVY, 
MARINE or AIR FORCE RING, no matter how long it 
has been since you served! Here's the ring you always 
wanted — so rugged . . . so manly and so finely de- 
tailed. Fach one has deeply sculpted. officia insignia 
and symbols for that particular branch of service. 
Electroplated in GENUINE 18 KT GOLD . . . not ordinary 
lating but certified HEAVY GOLD Eleciroplate that will 
ig, 3 CARAT Multi-faceted, Ruby-Red 

. it's the ring vou can really wear with pride 


because 
sizes 7-1 


EM send yone country well. Available in| 

WHEN ORDERING: SEND SIZE OR A SLIP OF PAPER CUT| 
TO YOUR SIZE — 

BE SURE TO SPECIFY ARMY, NAVY, MARINE OR AIR FORCE 


No. 5623—Armed Services Ring 
Special: Two only $22.95 


$12.95] 


FULL COLOR - CONTINUOUS ACTION 


AS THE WIND 
BLOWS ... DONKEY ; 
"KICKS" THE FARMER IN THE PANTS 


DONKEY 
WEATHERVANE 


FOR YOUR YARD OR HOME-ATTACHES 
TO HOUSE, POLE, FENCE OR PORCH! 


REAL ACTION! As the wind blows, the little donkey 
rears up and kicks the farmer in the pants. Color- 
ful, non-stop action even with the slightest breeze. 
These folksy “whirl-a-gigs” have been crafted from 
weatherproof materials and they will delight you 
and the neighbors for years and years. Measures 
1132" long. 
No. 8123—Donkey Weathervane ....... ...98.96 


End the pain of 
cramped feet! 


PROFESSIONAL 


2 NITACHMENTS FOR 
EXACT SPOT STRETCHING 


Why torture yourself? Get blessed, avornight relief thel 
professional way. dance, fo it that will havel 
your aching feet dani einge, 


+ no more trips| 

. Takes the “ouch” out of breaking in 

oes. Don't suffer another day! SPECIFY SIZE 
|AND SEX WHEN ORDERING. 
Men's Regular (7D-11A) 
Ladies’ Regular IA) 
No. 3066—Professional Shi 
SPECIAL: 


CHANGE YOUR OIL 
AUTOMATICALLY! 


Now, if you can open your car's hood — you can| 
change the oil. Our powerful OIL CHANGER PUMP} 
finishes the job in mere minutes. No squeezing| 
under the car... no mess . . . done in no time. 
Pump attaches to car battery with alligator ips 
Suction Tube goes down dip-stick tube — other| 
end to bucket or receptacle for disposal of old 
umps up to 2 liters per minute... 


Foster-Trent « 
2345 Post Road, Dept. 555- C, Larchmont, N.Y. 10538 
ordered below on 30 DAY TRIAL 


For FASTER U.P.S. Delivery Use Street Ai 
Apt. # 


Print Name. 
Address 
City 
State 


zp 
PHONE SERVICE FOR VISA & MASTERCARD l 
Call: (914) 834-7370 Between 9:30-4:30 | 
Eastern TIME - Minimum Phone Order $10 J 
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Toyota's performance flagship sports a new 
200-horsepower engine and an electronic 
suspension that provides big-car ride com- 
fort or sports-car stiffness on demand. 


By JIM SCHEFTER 


he speedometer is nudging 130 mph as the new Supra 

sports coupe reaches the end of the long straightaway 

beside the Japanese coast, and I have to brake for a 
tight spoon-shaped turn. Powered by a rumbling three- 
liter, 24-valve engine, the 19861 Supra feels solid and 
Stable charging down Toyota's Hamamatsu test track, as 
it does on the succeeding hairpin turns. The power steer- 
ing responds nimbly on these quick left and right turns, 
while most of the vibration and road shocks are well damp- 
ened by the car's electronically modulated four-wheel 
double-wishbone suspension. Later, in a panic braking ma- 
neuver from 60 mph, the Supra's four-wheel disc brakes 
hold an even, straight line with no rear-end breakaway. 

This year's swift Supra has a new look, along with a 
new price tag—estimated at $20,000. It's still a front- 
engine, rear-drive, two-plus-two sportster with the same 
102-inch wheelbase, but the skin is smoother and more 
rounded than last year's, which gives the new model a 
drag coefficient of just 0.33. It's also a little shorter with 
an overall length of 182 inches. Most people consider the 
Supra's new shape to be a blend of Nissan's 300ZX and 
Mazda's RX-7, and even Akihiro Wada, chief engineer on 
the Supra project, admits the resemblance. 

But the big changes, Wada adds, are underneath the 
new skin: “The major development points were to get a 
smooth and powerful engine, outstanding chassis perfor- 
mance, and the most comfort for the passenger and driver." 

Wada chose a dual-overhead-cam, straight-six power 
plant that produces 200 hp at 6,000 rpm for the new Supra. 
The engine's high power is due, in part, to a new double- 
port fuel-injection system, Wada notes. Toyota's previous 
fuel-injection system put a single squirt of fuel into a cyl- 
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The Supra's rear drive-line subassembly shows some of the 
technology behind the car's good ride. The shiny forged 
aluminum upper arms of the independent double-wishbone 
suspension save weight and provide a bit of give, while stiff 
lower arms supply stability. The suspension is mounted to 
a pressed-steel subframe to reduce vibration, which is fur- 
ther reduced by rubber joints with metal inserts. The 16-in. 
Goodyear VR tires were specially designed for the Supra. 


inder. The new design has a pair of fuel channels backed 
by a single ball-valve outlet. Fuel flows into an expansion 
chamber, then is forced out equally through the two chan- 
nels and into the cylinder's dual-intake ports. A computer 
changes the fuel metering and timing as the rpm varies, 
which provides trigger-quick acceleration (zero to 60 comes 
in 7.7 seconds, according to Toyota) and helps keep fuel 
mileage under control (city: 18 mpg, highway: 23 mpg). 

The suspension (see caption) is electronically controlled 
to provide the damping needed for maximum comfort, Wada 
says. An interior switch allows the driver to select *Norm" 
or "Sport" settings. The system then monitors driving 
conditions to set the suspension to firm, medium, or soft. 

For the driver and passenger in the two highly adjusta- 
ble. front bucket seats, Wada's comfort requirement has 
been well met. Unfortunately, the same cannot be said for 
rear-seat passengers, who had better be ready to assume 
the lotus position for lack of sufficient leg room. us 


New Technological Breakthrough 


HOW TO UNLEASH YOUR MIND-POWER 


TO ACHIEVE ALL YOUR GOALS FASTER. 
Subliminal Stimulation” is Today's Answer. It's NEW! 


You've read in science and technical magazines 
about the great success of subliminal stimulation" 
techniques. Now, thanks to recent break- 
throughs by leading scientists, you can use 
these same innovative techniques to step up 
your accomplishments and unleash your 
mind-power! 

For example, maybe you want to sharpen 
your memory. This is really important when 
you're working on your car or building things 
around the house. There are so many steps to 
remember. Or maybe you need to lose weight, 
Stop smoking or hone your mental skills. Just 
think how great it would be to grab money- 
making opportunities by drawing on your 
mental capabilities to the maximum extent. Or 
maybe you want to lessen stress, have greater 
self-esteem and razor-sharp decisiveness. 
These are just a few of the accomplishments 
now easily within your grasp. 

The subconscious or “inner mind” is a 
mysterious thing. Scientists are finding out 
more about it every year. It’s not like your 
conscious mind. Instead it soaks up impressions. 
You'll be amazed how fast the "success- 
mechanism” already within you will put you 

' ahead of the game in life. 
Subliminal Techniques 
are men's problem solvers 
for the 1980's and beyond. 

Subliminal stimulation is a remarkable 
scientific discovery. For example, to reduce 
shoplifting. Department store managers 
nationwide are finding that a “hidden” message 
in the public-address music cuts pilferage 
substantially. This message repeats over and 
over such tested phrases as “I am honest. I 
don't steal." 

Talk about effective! Customers aren't even 
aware of it. Yet inventory statistics prove 
there's a big decrease in shoplifting. In fact, in 
some cases by as much as 67 percent. 
Your subconscious is powerful. 
Put It to work to bring you 
success fast. Thousands of 
men already are. 

Until recently, scientists were stopped dead 
in their tracks in figuring out how to harness 
the powers of the inner mind. For years we've 
known it could be tapped. But the big question 
was: “How can the average man put its huge 
power to work?" 

Through constant testing a breakthrough 
finally came. The credit goes to some ofthe top 
Scientists in the country. Their hard-hitting 
efforts now enable you to push ahead, no 
matter your goals, and enjoy tremendous 
success fast. 


The answer Is Subliminal 
Stimulation Each brings you 
two different kinds of assistance. 
Put a tape on your regular cassette player— 
then get ready for a surprise. On one side is 
subliminal stimulation". Here's how it works: 
You hear waves breaking on a rugged 


shoreline. But your subconscious hears more. 
There are subliminally embedded messages at 
work—literally hundreds. Now you'll have a 
hard time hearing them consciously. But your 
subconscious will hear them as clear as a bell. 
Scientists have found the subconscious then 
goes into gear at once. 

Listen while you work around the house or 
while relaxing, watching TV or even while 
jogging, working out, or driving your car. The 
sounds of the waves make a smooth background 
while alone or with your family or friends. 

Subliminal stimulation is so effective it's 
being featured in scientific and technical 
journals. Just wait until you try it! It's a totally 
new, yet natural, experience. You'll feel at 
home with it fast. A to-the-point briefing on 
each tape gives you the exact wording of the 
subliminal messages coming up. It’s really 
fascinating and worry-free. 

Now, on the other side you'll hear a voice. 
This is called the natural response" program. 
You'll hear “commands to your subconscious.” 
Think what it will mean to actually be in 
control of your subconscious. At last, you'll be 
showing it who's boss! 


Be a part of the cutting edge 
of today's world of sclence. 

Here's your opportunity to discover a sure- 
fire way to achieve all your goals—no matter 
what they are—in record-breaking time. You'll 
feel more alive, more virile and see success 
after success come your way. Taking advantage 
of new scientific discoveries puts you one step 
ahead of the crowd. 

Professionals nationwide are finding Subliminal 
Stimulation Tapes to be one of the biggest 
scientific breakthroughs of the 80's. Each side 
actually wakes up your inner mind. Result? 
You'll see yourself becoming sharper, more “in 
charge" than ever. You'll get more done faster. 
And the great part is, each side is so relaxing 
you’ll want to listen time and time again. 

Don't let your subconscious lay idle. Put it 
to work. Scientific-minded men everywhere 
are—with outstanding success. 


Order today. Read about this 
Special Money-Saving Offer: 

Each Subliminal Stimulation™ Cassette 
sells for $14.95. But during this Special 
Introductory Offer to Popular Science 
readers, the price is only $9.95. You save 
$5.00 on each and every selection. 

But here’s still more good news. You get 
one FREE for every three you order! Just 
fill out the No-Risk Express Order Form and 
tush it back today, along with your check or 
money order. Or use your Visa or MasterCard. 
You're protected by our FULL MONEY- 
BACK GUARANTEE: We call it our 
“triple-length” guarantee because it’s good for 
90 days, not 30. If you’re not elated with the 
results the tapes bring, return them for a full, 
prompt refund—including the $2 shipping and 
handling. 1985 Advanced Learning Systems, Inc. 


Prompt shipment guaranteed. Mail your 
order today! Credit card users, order 


TOLL-FREE 
1-800-227-3800 


Extension 1146 
ADVANCED LEARNING SYSTEMS, INC.— Corporate Offices: 
7236-D Owensmouth Ave., Canoga Park CA 91303 
""TRIPLE-LENGTH'' 90-DAY 
FULL MONEY-BACK GUARANTEE 
plus Lifetime Warranty Against Defects 


NO-RISK EXPRESS ORDER FORM ~~ 
Check your choices and mail today: 

DA1102 MEMORY IMPROVEMENT 
DA1202 WEIGHT LOSS 

DA1106 UNLIMITED MENTAL POWER 
DCA1303 DYNAMIC SELF-CONFIDENCE: 

Overcoming Shyness 
DA1203 STOP SMOKING 
DA1104 PINPOINT CONCENTRATION 
DA1316 SELF-ESTEEM: 

Feel Good About Yourselfi 
0A1301 HIGH-ENERGY & ENTHUSIASM 
DAI1507 PROSPERITY: Financial Success 
DAI310 STRESS RELIEF 
DA1304 DECISIVENESS: 

Stop Procrastinating! 
DA1412 SEXUAL CONFIDENCE 
DA1315 THINK POSITIVE! 

DA1411 MORE ENJOYMENT IN SEX 
DA1401 ATTRACT LOVE/Make Contact 
DA1214 ENJOYING EXERCISE: 

Have Fun Getting in Shape 
DA1105 BETTER STUDY AND EXAMS 
0A1101 READ FASTER 
DA1309 MAGNETIC PERSONALITY 
DA1206 RESTFUL SLEEP: 

No More Insomnia 
DA1502 SUPER SALES POWER 
DA1508 NOW: Get Ahead Fasti 

DA9001 Sanyo Slimline Cassette Recorder $34.95 
CGA9002 Sanyo Sportster Mini-Stereo 
Cassette Player w/Headphones $29.95 

Special Introductory Offer: Regularly $14.95 
each. Now if you hurry, only $9.95 each. 

$F, _ CHOOSE ONE FREE FOR 
US even THREE YOU ORDER. 
ká SUBTOTAL 


California residents add 6/596 sales tax —— 
POSTAGE & HANDLING [any size order) $2.00 
Outside USA—add $1.00 per item (US funds) _ 
OCash DChek OMO TOTAL 
VISA DMasterCard Exp. Date 
Card Number 
NAME 
ADDRESS 
CITY 


STATE 

Mail to: 

ADVANCED LEARNING SYSTEMS, INC. 

7236-D Owensmouth Ave., Dept. P563 
Canoga Park, CA 91303 

"REN NEUEN Acüpbris pntant NUM 


ZIP. 


“Say, Smokey—" 


A clinic on cars by Smokey Yunick, 
America's most famous mechanic 


Fluid-change intervals 


Iam in the oil-changing business, and 
my customers often ask what inter- 
vals we recommend for fluid changes. 


Various lubricant, filter, and car man- 
ufacturers issue different and confus- 
ing sets of recommendations. What 
are your recommendations for service 
intervals to get maximum use with 


Important news to the millions of 
Arrow T-50, T-50M, T-55 Staple Gun 


users all over America! 
(as well as millions of future users!) 


NOW you can greatly 
EXPAND the 

usefulness of your 
Arrow Staple Gun 
with the ingenious 


ATTACHMENT [o 


Instantly converts 
the Arrow T-50, T-50M, 
T-55 Staple Gun into 

a multi-purpose 
fastening tool! 


For use on gutters, leaders, 
downspouts, ceramic tile, 
hollow doors, auto repair, 
light marine hardware, 
conduit for wire, shelving, 
pictures, wall fixtures, 
closet hardware, bathroom 


hardware, indoor plant 


hardware, etc. replaces screws, nails, rivets, anchors 


i T Available at All Leading Hardware Home Center 
Grip Ranges = & = and Discount Department Stores Everywhere. 


a tight gripping 
Xpando fastener in 
wood, masonry, metal, hollow doors 


PH 1h ARROW FASTENER COMPANY, INC. 
5/4"HD and " 
7/8"HD. 271 Mayhill Street, Saddle Brook, N.J. 07662 


In Canada: 6505 Metropolitan Blvd. East, Montreal H1P 1X9 Quebec 


minimum repairs on the average 
family car? 

David E. May, 

Corpus Christi, Texas 


I recommend changing engine oil every 
3,000 to 4,000 miles; oil filter: every 
7,000 to 8,000 miles; automatic trans- 
mission fluid and filter, manual- 
transmission lubricant, and differen- 
tial lubricant: once a year or every 
40,000 miles; brake fluid: every two 
years in hot weather, or every year in 
hot and cold conditions; radiator cool- 
ant: twice a year. 


Bird eats flywheels 


What would cause the flywheel to 
break on my 1979 Pontiac Sunbird? 
The car has 65,000 miles on it and 
has gone through four flywheels. The 
dealer has replaced all four, citing a 
defective part, incorrect installation, 
a warped transmission case, and a bad 
torque converter. An independent ga- 
rage suggested the frame was mis- 
aligned during manufacturing. Any 
suggestions? 

Dale Carlson, Centertown, Mo. 


I believe that if the flywheel was cor- 
rected for run-out with reference to the 
transmission and torque converter in 
all planes, the breakage would stop. 
Several simple checks with a dial in- 
dicator can confirm this, but the trans- 
mission must be pulled back to do the 
job. I agree that the car could have 
been built somewhat out of alignment. 
If this is so, you should be able to use 
eccentric dowel pins or shims to line 
up the flywheel correctly. 


Breaking in right 


Ijust bought a new Toyota Camry, and 
the salesman told me I don't have to 
stay under 55 mph to break it in; he 
said the important thing to do is to 
vary speed a lot. l've always heard 
that to break in a new car you should 
drive gently at less than 55 mph. He 
also said I don't have to change the 
oil at 500 miles, nor do I have to 
retorque the head after the first few 
thousand miles. What is the best way 
to break in a new car? 

David Lane, Ashland, Ore. 


The salesman is right. Warm the en- 
gine up normally by accelerating mod- 
erately, then vary driving speeds be- 
tween 50 and 60 mph for 2,000 miles 
or so to give everything time to wear 
in and fit. Leave the original oil in for 
as long as the owner's manual pre- 
scribes. The break-in oil is very good; 


don't second-guess the factory on this. 
Head retorquing has been pretty much 
engineered out of new cars unless the 
manual specifies it (this is rare). I sug- 
gest driving the car a couple of thou- 
sand miles before taking a long trip 
at steady speed; the engine needs 30 
to 60 thermal cycles of short duration 
to wear the high spots off the mating 
part surfaces. Also, at first, stick to me- 
dium loads; don't start right off pull- 
ing a trailer in the mountains. 


Hesitation blues 


My problem is an annoying and po- 
tentially dangerous hesitation during 
acceleration in my 1984 Dodge Vista 
with the two-liter engine. The dealer 
has tried adjusting the carburetor and 
replacing some gaskets, but this never 
completely eliminates the hesitation. 

Don G. Stephens, Tulsa, Okla. 


Of all the cars with hesitation prob- 
lems, about 80 percent are running too 
lean, and about 15 percent have igni- 
tion trouble; the rest have other prob- 
lems or a combination of the above. I 
can only guess yours is running lean. 
Even if I could hit the problem on the 
head, you still might not be able to do 
anything to fix it for lack of special 
test equipment and tools. In today's 
battle between the car makers and the 
federal emissions and fuel-economy 
standards, the emphasis has landed on 
designing engines that run very lean. 
This leaves little room for error in set- 
ting them to the correct specifications. 
You will probably have to try other 
dealerships until you find one that un- 
derstands your car and has the equip- 
ment to fix it. 


The whistling carburetor 


I have a 1982 Ford Fairmont with a 
four-cylinder engine equipped with a 
Holley two-barrel carburetor. Between 
30 and 45 mph the carburetor squeals 
loudly when I step on the accelerator; 
above or below these speeds you can't 
hear the noise. Also, sometimes the 
engine dies at stoplights. A garage 
mechanic told me the only thing to 
do is change carburetors. 

R. S. Bordner, Sunbury, Pa. 


The Holley engineer I contacted sug- 
gests you try the following: Make sure 
all carburetor hold-down studs are 
tight. Check that the flange gasket isn't 
cracked or leaking and that it’s the cor- 
rect one (*/ inch thick with steel grom- 
mets). A failed or sticking EGR valve 
could be causing the noise. Make sure 
the EGR gasket isn't cracked or burned 


out. Finally, check the condition of the 
air-cleaner gasket, and be sure you have 
the correct one for your particular 
engine. 


Perpetual camber 


I recently discovered that there is no 
way to adjust front-wheel camber on 
my 1982 Subaru GL wagon. I feel that 
the incorrect camber is contributing 
to rapid wear on the outer edges of 
the front tires and the need for wheel 


balancing about every 5,000 miles. 
Are there any camber adjustment 
kits available? 

A] Bateman, Shreveport, La. 


Parts replacement and custom fitting 
of upper and lower suspension support 
points are the only options I know of. 


Got a car problem? Send it to “Say, Smokey—,"" PoPuLar 
Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication 


Rare 


Incredible “how to” books! 


Discover hundreds of manuals, industrial handbooks, 
paperbacks, reprints, and privately published papers on 
unusual technical subjects ranging from melting metal to 
building windmills, and from tanning hides to flying kites. 

You'll see instantly why this is the most remarkable 
mailorder bookstore ever! You don't know what you've 
been missing! We probably have just the information 
you've been searching for for years! 


Wide variety! 


Discover books on hydraulics, 
motor rewinding, wind and water 
power, heat pumps, steam tur 
bines, space energy receivers, 
and more. Make cheese! Tan a 
hide! Make soap! Books on bricks, 
Stirling engines, batteries, in 
verters, alternators, sundials, 
pewter, papermaki 
design, steam power, more! Set 
up a silver recovery shop! a 
plating shop! .. a mailorder 
= business! Learn calculus! Learn 
€ diesel repair! Transistor elec 
tronics! Build radios! 


Highest quality! 


Every book is guaranteed to be 
high quality. This is NOT a book 
club. You're free to buy what you 
want when you want. No obliga- 
tion, We choose only the very 
best books from the best 
publishers. Since we cannot 
possibly offer every book publish- 
ed, we guarantee that only the 
best books are listed in our 
catalog. = 


Much more! 


See technical school textbooks on machine design, diesel 
repair, and refrigeration. Learn how the ancients refined 
all types of metal from iron to gold! Get thousands of 
watts from a common auto alternator! Run three phase 
motors on single phase! Learn the secrets of lead-acid 
batteries and inverters! Make mirrors! Do chemical 
blowpipe analysis! Co: Make rubber stamps! 
Repair small gas engines! Learn locksmithing! Be a small 


time operator! More! 
Build a lathe! 


Build a precision lathe for less 
than $50 without power tools or 
precision instruments! It's true! 
Build a shaper, milling machine, 
drill press, rotary table and index: 
ing head, a sheet metal brake! 
Learn how to make a surfac 
plate and rebuild machine to 
Collect and restore old si 
engines! Build a welder! Make 
your own drill bits, taps, dies, 
feamers, mills, and much more 
Build jigs and fixtures! Discover 

en incredible 2000 page 
mechanical engineer's handbook! 
See books on lathe design, punch 
presses & dies, perpetual motion, 

© Tesla coil construction and much 
more! 


Ne 


Technícal 
Books! 


Learn how you can turn an old pail 
and a blower into a powerful fur: 
nace that can melt aluminum cans 
and scrap, pot metal and brass. 
We built one for about $10 Uses POUF 

grocery store charcoal! Pour CUStOm 


Custom castings! See books on eaetings] 


sand casting, lost wax casting, 
casting small metal and rubber 


parts, patternmaking, cupola 
secrets (for melting cast iron), 
foundry materials, and morei 
Discover how to make and melt 
glass, build dynamos, batteri 

dividing machines, crystal sets! 


Write for your own copy of the 
latest jam-packed edition of Lind- 
say's Technical Books catalog. 
Send $1.00 US & CAN ($3.00 
airmail foreign) to cover first class 
postage and handling. You'll see 
in a minute why everyone is talk- 
ing about this incredible mailorder 
bookstore! Many of these special 
interest books suddenly go out of 
print! You've already missed out 
on some incredible books! Write 
for a catalog and order the books 
you need while they're still 
available. Write for a catalog 


TODAY! 
m— u— — — 


Lindsay Publications 
Box 12-FT BRADLEY IL 60915 


| CI Send a catalog! I've enclosed $1.00 US & CAN ($3.00 foreign) 


Name 


f- 


PHOTO BY GREG SHARKO 


PS 10,000-MILE TEST 


Chevrolet Astro CL 


—muscular mini-van 


Plenty of power, lots of load capacity, and a quiet interior at highway speeds were aspects 
of this van that scored points with PS drivers. But a high floor, bouncy ride, and just- 
adequate fuel economy told us that Astro is different from Chrysler’s mini-van. 


By JACK KEEBLER 


they didn’t get the message.” 

That’s what a Chrysler advertise- 
ment for its mini-van says about Chev- 
rolet Astro. 

If Chrysler was giving lessons on 
building a new type of family wagon, 
General Motors was obviously playing 
hooky. Chrysler offers only four- 
cylinder engines and a three-speed au- 
tomatic transmission; GM has a V6 
and a four-speed automatic with a 
lockup torque converter. The Chrysler 
van is a front-drive; Chevy Astro is 
rear-drive. Chrysler offers a sedan-like 
ride and maneuverability; Astro rides 
and handles like a truck. 

I found merging into fast-moving 
traffic a breeze with the Astro’s 147- 
hp 4.3-liter V6. And at full throttle 
or during leisurely cruising, the four- 
speed automatic clicks off shifts 


E ven when we showed them how, 
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smoothly and quietly. In fact, much 
of the credit for the van's interior quiet 
at high speeds should go to the over- 
drive fourth gear and lockup torque 
converter, which keep engine revs low. 
The Astro averaged 17.9 mpg for the 
5,000-mile test period. A long high- 
way trip netted 18.9 mpg, and some 
commuting in stop-and-go traffic 
earned a low of 16.4 mpg. 

I found that the Astro’s front- 
engine, rear-drive setup meant better 
grade climbing with a load but poor 
traction when the interior is lightly 
loaded or empty. Another negative as- 
pect of rear drive is extra height. The 
Astro is 71.7 inches tall; the Chrysler 
van, 64.2 inches. Although many driv- 
ers enjoyed the lofty vantage from the 
seat cushion, climbing into the buck- 
ets is awkward, especially for small 
adults or children. And check the 
height of your garage door: The Astro 
wouldn't fit through mine. 


Quiet and comfortable on smooth 
highways, the Astro was a different 
vehicle when the going got slow and 
rough. Over bad roads it bounded 
along like a kangaroo, and the inte- 
rior boomed with the jounce and 
rebound of its massive suspension 
hardware. The heavy-duty suspension 
and boxy interior provide good load 
capacity. With the rear seats unbolted, 
Astro handles 183.6 cubic feet of 
cargo; the front-drive Chrysler van 
holds only 133. 

Astro’s poor ride quality and lack 
of maneuverability will probably scare 
off drivers of older sedans who are pon- 
dering a switch to a mini-van. But for 
the buyer who needs them, Astro of- 
fers a 5,000-pound trailer-towing ca- 
pacity (Chrysler mini-vans provide 
only 2,000 pounds of towing capacity), 
V6-engine muscle, and a heavy-duty 
truck suspension in a slightly smaller, 
more fuel-efficient van. usi 


can even earn your Associate in 
Applied Science Degree in Elec- 
tronics Engineering Technology. Of 
Course, you set your own pace, and, 
if you ever have questions or 
problems, our instructors are only 

a toll-free phone call away. 


he first step 
is yours. 


To find out more, mail in the 
coupon below. Or, if you prefer, 
call toll-free 1-800-321-2155 

(in Ohio, 1-800-362-2105). 
Well send you a copy of CIE 
school catalog and a complete 
package of enrollment information. 
For your convenience, well try to 


CIE MAKES THE WORLD . xoxo aryo 
OF ELECTRONICS YOURS. 


"Today's world is the world of elec- 
tronics. But to be a part of it, you 
need the right kind of training, the 
kind you get from CIE, the kind that 
can take you to a fast growing career 
in business, medicine, science, 
government, aerospace, 
communications, and more. 
cialized 
training. 

You learn best from a specialist, 

and that’s CIE. We're the leader 

in teaching electronics through 
independent study, we teach only 

electronics and we've been doing 

it for over 50 years. You can put 

that experience to work for you 

just like more than 25,000 CIE 

students are currently doing 

all around the world. 


actical 
training. 

You learn best with practical training, 
so CIE Auto-Programmed? lessons 
are designed to take you step-by-step, 
principle-by-principle. You also get 
valuable hands-on experience at every 
stage with sophisticated electronics 
tools CIE-designed for teaching. Our 


4K RAM Microprocessor Training 
Laboratory, for example, trains you to 
work with a broad range of com- 
puters in a way that working with a 
single, stock computer simply canit. 


rsonalized 

training. 
You learn best with flexible 
training, so we let you choose from 
a broad range of courses. You start 
with what you know, a little or a 
lot, and you go wherever you want, 
as far as you want. With CIE, you 


C | Cleveland Institute of Electronics 
1776 East 17th St., Cleveland, Ohio 44114 


YES! I want to get started. Send me my CIE school catalog including details 
about the Associate Degree program. 


Print Name 


Address Apt. 


City State Zip 


Age. Area Code/Phone Na 
Check bax for GI. Bulletin on Educational Benefits 
OVeteran OActiveDuty MAIL TODAY! 


OR CALL TOLL-FREE 1-800-321-2155(In Ohio, 1-800-362-2105) 


PS03 


NOW...CASIO'S NEW 
MEMO-PLAN WATCH 


The new microcomputer watch and 
calculator that organizes your life. 
1 YEAR WARRANTY — 30-DAY TRIAL 


50-page memory stores all your numbers and 

supplies them at a touch. The 8-digit memory 

calculator makes calculating a snap! 

Featuring 

* 50 sets of 5 letters and 12 
numbers can be memorized 

* Stores phone numbers, 
schedules and dates 

* Stores secret and personal 
data accessed by your 
password only 

* Independent date/schedule 
memory reminds you of 
‘approaching appointments 

* 12 and 24 hour timekeeping 
with aulocalendar to 2079 

* &digt fat panel calculator 

* 24-hour full-function stop- 
watch with 1/100-second = 
accuracy 

* Daily and hourly time signals crome 

* Night light 


You can look afterall your own day-to-day information 
by just glancing at your wrist with Casio's new 
Telememo Watch. Store phone numbers, schedules, 
times, secret data and dates. Calculate with the flat 
panel calculator. 


CHECK THE VALUE!!! 


* Memoplan Directory — vou can enter 
schedules and appointment srs 

information for the next two 
weeks. Events like 
‘meetings, appointments 
and anniversaries. The 
schedule memo is erased atter the time scheduled 
has passed 


* Computer That Never Forgets — 
Your world famous Casio calculator helps make com- 
plex calculations easier. No buttons to snag or break, 
The flat-panel keyboard is stylish and practical 


* Store Phone Numbers — You can 
store phone numbers and 
store them in alphabetical 
order. Names and numbers 
can be retrieved alpha- 
betically or sequentially. 

* Normal Data Storage — The 50-page 

memory also lets you store 

important information. Flight 

schedules, train schedules 

and other hard-to-remember 

data. 


* Personal — You can store all types of 
secret data — account 
codes, credit card info, safe 
combinations. You select 
the password so only you 
can access the data. 

* Stopwatch, Timer, Alarms and 
More — The precision timepiece boasts a full- 
function stopwatch with timing to 24 hours. You also 
get a daily alarm, hourly alarm, 12/24 hour time, night 
light, long-life battery and 1/2 sec. per day accuracy. 
* 3 Good Looking Styles — this 
microcomputer wonder is available in 3 good-looking 
styles. The lightweight black polysulfone mode DBC-60 
is only $49.95. Chrome and stainless steel DBC-600 
is $59.95. And for $79.95 you can own the luxurious 
gold-tone model DB-600G. 


— Order Today — 


You get our 1-year warranty and 30-day money-back 
guarantee. We're America’s largest digital watch dealer. 


— FOR FASTEST ACTION — 
CARD HOLDERS CALL TOLL-FREE 


800-437-4385 


Credit card holders may call tl-free. Or send check or money 
order plus $2.50 shipping and insurance. Add another $2.00 for 
air delivery. ND residents add 496 tax. Write for a free subscription 
to our catalog of timepieces and hitech items. 


107 Roberts St., Dept. PS-3 
One The Reen F9: Box 5? Fargo, ETSI 
Telephone (701) 232-9400 
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Taking Care of Your Car 


By STEVE MERCALDO 


Got a useful car tip? Send it (with Social Security No.) to Car Care, 
Poputar Science, 380 Madison Ave., New 


York, N.Y. 10017. We'll pay 


$50 if we use it. If two or more readers send the same tip, payment 
goes to the one with earliest postmark. No tips can be returned. 


Shift grind 


When you shift gears, does your trans- 
mission grind? If your car has a hy- 
draulic clutch linkage, air in the line 
may be fouling a clean shift. To bleed 
the system, top off the clutch master 
cylinder and check for leaks. Next, slip 
a length of vacuum hose over the slave 
cylinder bleeder screw. Open the bleed 


screw a half turn. Place the other end 
of the hose in a container and have a 
helper pump the pedal until no air es- 
capes. While the clutch is being held 
down, tighten the screw. Remember to 
check and refill the clutch master cyl- 
inder with the proper hydraulic fluid 
during and after the process. 


A/C DRAIN HOSE 


Spark-test tip 


Ever been zapped when testing your 
engine for spark? If the spark plug 
could hold itself on a grounded sur- 
face, test results would be less shock- 
ing. Try this: Slip a hose clamp around 
an electrical clip and the waist of a 
good plug. This not only protects you 
but also protects the ignition system 
| from damaging voltage surges. 


Musty-smell fix 


Carpet on the passenger side that 
stays wet and has a musty odor may 
indicate a clogged A/C drain valve or 
a broken drain hose. The drain allows 
water to escape from the evaporator 
housing. If it's faulty, water soaks the 
carpeting. A probe may clear the drain 
hose at the bottom of the fire wall. If 
not, replace the valve. 


Strong-arm warning 


Don't try to muscle a belt-driven com- 
ponent that refuses to move after the 
adjusting nut has been loosened. 
Using a large pry bar and excessive 
force can permanently damage an al- 
ternator, air pump, or power steering 
unit. Locate and loosen the compo- | 
nent's pivot mounting bolt. 


Battery warning 


Maintenance-free batteries now come 
equipped with a built-in charge indi- 
cator. The indicator can appear green, 
almost black, or clear. Do not attempt 
to recharge or jump-start a battery 
when the indictor is clear. This gen- 
erally means the battery is low on 
water and filled with hydrogen gas. 
A spark could cause an explosion. 


V» End Your Lawn Mowing 


Frustrations Forever! . 


Garden Way's New TUFF-CUT is the perfect alternative 
to ordinary small-wheeled mowers and expensive “riders”! } 


* Easy to Handle — Big, easy-rolling, powered wheels handle 
slopes, obstacles and rough ground with ease. 


* Extra Power — No more annoying hesi- f 
tation or stalling in heavy grass. 
* Faster — The wider 


mowing path and 
easy maneuvering 
help get your lawn 
done in record time. 


| N 


From the makers of 
TROY-BILT® Roto Tillers 


E Never again struggle 
with cheaply built, 
small-wheeled 
mowers that just 
can't handle 

tough jobs. 


|| Garden way Mtg. Co., Dept. A199 
l 102nd St. & Ninth Ave., Troy, N.Y. 12180 


YES! Piease send all the exciting facts 
about the TUFF-CUT Mower, including 
details on Sd 5 models and Special 

I savings Offer now in effect. 


d name 


Or Write 
1^ JeepRock 5973 Anderson Road, Opelika, Alabama 36802 


Our little drills go EVERYWHERE, 
drill EVERYTHING! | 


exul Homeowners! Drill your 
own water well! 


Drill water, monitor 
or heat pump wells 
for less than 25€ per ft.! 


For 
FREE 
brochures 
and prices 


CALL TOLL-FREE 


1-800-821-7700 


Ask for Operator 5973) 


A > 


”World’s leading manufacturer 


of low-cost drills since 1962.” 
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PORTABLE POWER 
SPRAYER at your home 
for 3 full weeks... FREE! 


You'll find 1,001 uses for the versatile 
Mantis Spray Mate: 


* Fertilize your lawn 

* Eliminate backyard mosquitoes 
* Spray fruit trees 

* Kill wasps and hornets 

* Disinfect swimming areas 

* Safely spray vegetables 

* Control Japanese beetles 

* Clean out gutters 

* And, lots more! 


The Mantis Spray Mate pulls along easily 
on its two big rubber-tired wheels. A 
pistol-grip wand shoots a jet up 30 feet! 
The big 12-gallon tank means fewer trips 
back and forth. The /ong-life battery and 
compact electric motor run silently for 
hours between charges. 


This remarkable sprayer is available to 
Popular Science readers on a FREE 
3-Week Home Trial (for a limited time 
only!). Get details now for your FREE 
TRIAL this spring. 


BONUS EXTRA: 
FREE BATTERY AND 
CHARGER 


JA) Spray nre. 


| Huntingdon Valley, PA 19006 
C) Rush details on the Mantis SPRAY MATE, FREE 
3-Week Trial, and FREE Bonus. 


Mantis Manufacturing Co. a 
1458 County Line Rd., Dept. P172 d 


| ov 
= NL. 
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3uperwindows 


[Continued from page 76 | 


is radiating long-wave infrared energy 
to that window. So are the warm walls, 
floors, and furniture. Glass is opaque 
to infrared wavelengths, so the win- 
dow absorbs and reradiates that heat. 
Much of it ends up outside. 

Double- and triple-glazed windows 
introduce air spaces that reduce heat 
loss through conduction and convec- 
tion. But they do not reduce radiant- 
heat transfer. Low-emissivity windows 
do. Emissivity refers to the heat- 
emitting (or radiating) propensity of 
a surface. The emissivity number com- 
pares a given surface with that of 
a perfect radiator, called a blackbody 
(emissivity of 1). Ordinary window 
glass has an emissivity of 0.84, mean- 
ing it absorbs and emits 84 percent of 
the radiant heat. But put a low- 
emissivity coating on that glass, and 
the emissivity drops to between 0.05 
and 0.40. That means it will reflect 
somewhere between 95 and 60 percent 
of the radiant heat. Thus, low- 
emissivity windows can reduce your 
heating load by reflecting heat from 
people and interior surfaces. They also 
can reduce your cooling load: In sum- 
mer they reflect outside heat radiated 
by driveways, sidewalks, and buildings. 

Low-emissivity glazings are spec- 
trally selective: Although they reflect 
most of the long-wave infrared radia- 
tion, they transmit most of the visi- 
ble light, and unless engineered 
not to, they transmit a good bit of 
solar energy. On the other hand, low- 
emissivity glazings reflect most of the 
sun’s ultraviolet rays, the wavelengths 
responsible for fabric fading. 

The coating that delivers this spe- 
cial blend of benefits is an atoms-thin 
layer of metal or metal oxide. The first 
such product, Southwall Technology's 
Heat Mirror film, was an outgrowth 
of research sponsored by the Depart- 
ment of Energy at the Massachusetts 
Institute of Technology. Soon after 
Heat Mirror was introduced, Guard- 
ian Industries brought out Low-E glass 
(PS, April '82]. Both glazings, and now 
many others, are coated using a tech- 
nique called sputtering. 


How it’s done 


In a large vacuum chamber in Guard- 
ian's plant in Corsicana, Texas, sheets 
of glass are coated with a layer of sil- 
ver surrounded by two layers of zinc 
oxide. “The workhorse of the layer sys- 
tem is silver,” explains Russell Huffer, 
Guardian’s manufacturing manager. 
The silver reflects infrared radiation. 
The zinc oxide protects the silver and 
enhances visible transmission [“Invi- 
sible Insulation,” PS, Aug. '83]. In the 
vacuum chamber, silver is deposited 
on glass an atom at a time by bom- 
barding a silver target with ionized 


argon gas. "The positive argon atoms 
accelerate toward the silver, going two 
to three thousand miles per hour,” ex- 
plains Huffer. "When an argon atom 
hits the target, it knocks loose an 
atom of silver. The silver atoms fly out 
and coat everything—including the 
glass." 

Sputtered coatings have emissivities 
in the 0.05-to-0.15 range (they reflect 
95 to 85 percent of the radiant heat). 
But they are sensitive to moisture 
and abrasion. Thus, they can only be 
used in sealed double- or triple-glazed 
windows with the coating facing the 
air space. 

Now sputtered products have com- 
petition: a low-emissivity glass whose 
coating is said to be as tough as the 
glass itself. It is called pyrolytic low- 
emissivity glass; the coating, usually 
a tin oxide, is applied to the glass 
while it is hot. It is, in effect, baked in. 

Pyrolytic low-emissivity glass can be 
used as single-pane windows and storm 
panels, though it is most commonly 
used now in sealed double-glazed win- 
dows. But pyrolytic glasses have higher 
emissivities—generally in the 0.3-to- 
0.4 range— meaning they do not re- 
flect as much radiant heat as the 
sputter-coated type. (Sentinel Agen- 
cies imports a pyrolytic low-emissivity 
glass from Europe that has an emis- 
sivity of 0.15, almost what the sput- 
tered coatings claim.) 


Total performance 


“If you compare the sputtered with 
the pyrolytic, the bang for the buck 
is just not the same," Guardian's 
Huffer says. Though their emissivities 
differ, their prices are similar. Adver- 
tising often makes no distinction be- 
tween the types, and product literature 
doesn't always include the emissivity 
of the glazing. 

However, manufacturers do publish 
the U-value of windows, an even better 
indicator of their thermal performance. 
Although the emissivity indicates the 
heat flow via radiation, the U-value 
is a measure of total heat flow (in Btu/ 
hour/square foot/degree F). The lower 
the U-value, the less readily the win- 
dow transfers heat via conduction, con- 
vection, and radiation. Emissivity 
affects the U-value, but so does the 
thickness of the glass, and even more, 
the thickness of the air space. 

But even the U-value does not 
tell the whole performance story. *You 
have to consider the solar transmit- 
tance as well," advises LBL's Selko- 
witz. The table lists the direct solar 
transmission of all the windows de- 
scribed, and gives another value, called 
the shading coefficient. The lower the 
shading coefficient, the less heat, di- 
rect and indirect, the window lets in. 


Low-emissivity windows for the Sun- 
belt have lower solar transmission and 
shading coefficients because they use 
one pane of tinted glass. 


High-transmission film 


But in northern climates, solar gain 
can be a boon in winter, and low- 
emissivity glazings let in less sunlight 
than does standard glass. SunGain, 
3M's high-transmission film, on the 
other hand, transmits more solar en- 
ergy and more visible light than does 
standard glass. “For south glazing, 
where solar gain is important, high- 
transmission windows might be the 
best bet," Selkowitz advises. 


Cost and savings 


Double-glazed low-emissivity win- 
dows sell for about 10 to 15 percent 
more than standard double-glazed 
windows of comparable quality. Triple- 
and quad-glazed windows that use 
plastic films may be even higher. 

How much they save depends on 
many variables. Andersen Corp. ran 
a computer analysis of 29 cities, com- 
paring (among other things) the ‘en- 
ergy cost of its standard double-pane 
windows with its High-Performance 
(sputter-coated low-emissivity) double 
windows. The study assumed a 1,720 
square-foot house with 152 square feet 
of glass evenly distributed on four 
sides. 

In one scenario in Pittsburgh, Pa., 
standard double windows would ac- 
count for $161 of the annual fuel cost, 
the study showed; with High-Perform- 
ance windows that would drop to $82. 
In Denver, Colo., one scenario indi- 
cated that standard double windows 
would entail a $143 net energy loss; 
High-Performance windows, only $68. 

In Tampa, Fla., Andersen's High- 
Performance Sun windows would en- 
tail an $88 annual energy penalty 
with gas heat and electric cooling, 
compared with $251 for double panes, 
and $359 for aluminum-frame single- 
glazed windows. With electric heat 
and cooling, double windows would en- 
tail a whopping $456 energy pen- 
alty compared with $105 for High- 
Performance Sun windows. 

It boils down to this: The more heat- 
ing and cooling you need, the more 
window area you have, and the more 
expensive your fuel, the more you'll 
save by buying better windows. And the 
more important solar gain, the more 
you should consider transmission. 

When you go window shopping, re- 
member that the sash and frame also 
influence window performance. If it's 
low-emissivity windows you're after, 
check the appearance. These windows 
have a slight tint, more pronounced 
in some than in others. Hs 
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AEROSPACE SHIRTS 


THESE SHIRTS TURN HEADS! 
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Unbelievably detailed electrifying High- 
Technology visual illustrations of the 
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screen printed in Brilliant Colors on the 
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Beefy-T's. 100% Guaranteed 
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Expert systems 


nology, there are interesting and some- 
times extraordinary claims about the 
tools that are emerging," says Davis. 
“You have to make your own judgment 
often by trying these programs to see 
what they can and cannot do for you." 


Expert tester 


One person who has been trying is 
Dr. Spencer Swinton, research psychol- 
ogist for the Educational Testing Serv- 
ice, in Princeton, N.J. The company 
writes the Scholastic Aptitude Test 
given to high-school students for col- 
lege acceptance. 

"The idea is to have an expert sys- 
tem give the test," Swinton told me. 
*How well the student performs de- 
termines the next level of questions." 

If it works, the six-hour exam could 
be cut to an hour or so. But so far 
there have been difficulties. “I’ve been 
working on the math portion of the 
test," said Swinton. "But there are 
simply far too many possible answers 
to any one problem." 

In his trials, Swinton typed random 
answers to each question. Despite his 
totally illogical responses, the system 
drew definite conclusions about how 
well he understood the subject. "That 
simply won't do," he said. 

Will he keep trying? Of course, and 
so will many others. Software and 
hardware manufacturers are just now 
starting to use expert-system shells to 
develop libraries of knowledge mod- 
ules on a vast range of subjects for 
education, business, and home use. 
Analysts predict that it may take as 
long as three years before we'll see re- 
sults, but the wait will be worth it. 

“We humans think of ourselves as 
being rather good at reasoning, but 
at best we perform about a hun- 
dred logical inferences a second," 
says Feigenbaum. "We're talking a- 
bout future expert systems that will 
be doing ten million inferences a 
second. What will it be like to put a 
hundred years of thought in every 


decision? Knowledge is power" [Hs] 
SELECTED EXPERT-SYSTEM SHELL MAKERS 
ESP Advisor ($895), Expert Systems Intl., 1150 First Ave. 


nue, King of Prussia PA 19406; Expert-Ease and Expert 
Edge ($695 and $795), Human Edge, 2445 Faber PI., Palo 
Alto CA 94303; Exsys ($395), Exsys Inc., Box 75158, Al- 
buquerque, NM 87194; 1st-CLASS ($250), Programs in Mo- 
tion, 10 Sycamore Rd., Wayland MA 01778; Insight 1 and 
Insight 2 ($95 and $485), Level Five Research, 4980 S. 
A-1-A, Melbourne Beach FL 32951; The KDS System 
($795), KDS Corp., 934 Hunter Rd., Wilmette IL 60091; 
KES ($4.000), Software Architecture and Engineering, 1500 
Wilson Bivd., Arlington VA 22209; M.1 ($5,000), Teknowl- 
edge, 525 University Ave., Palo Allo CA 94301-1982; 
Lightyear ($495), Lightyear Inc., S. Bayshore Dr., Coconut 
Grove FL 33133; Performance Mentor ($70), Ai Mentor, 
1000 Elwell Ct., Palo Alto CA 94303; Personal Consultant 
and Personal Consultant Plus (3950 and $2,950), Texas 
Instruments, Box 225012, Dallas TX 75265; TIMM-PC 
($9,500), General Research Corp., 7655 Old Springhouse 
Rd., McLean VA 22102; Trigger ($495), Thoughtware, 2699 
S. Bayshore Dr., Coconut Grove FL 33133; Wizdom PX 
($2,050), Software Intelligence Laboratory, 1593 Locust 
Ave., Bohemia NY 11716; XSYS ($995), California Intelli- 
gence, 912 Powell St., San Francisco CA 94108 


Butcher-block table 
[Continued from page 93] 

partially level the top. This will give 
you a flat surface to ride against the 
fence as you joint the edges smooth 
and flush. Now glue on the front and 
rear aprons. 

Set the completed butcher-block as- 
sembly up on its side to let the glue 
dry. Then joint the sides, and trim the 
bottom on the table saw. Drill 1%-inch- 
diameter holes in the apron sides, and 
insert tapered circular maple plugs. 


Sanding and finishing 


With this large a panel you can 
make the end grain as smooth as glass. 
Level the top, working down from 
coarse to fine sanding belts. A high- 
speed (4,000 rpm) disc sander with a 
sponge-backed wheel from an auto- 
paint store does a fast, smooth job on 
end grain. Eighty-grit paper on the 
wheel quickly removes any scratches 
left by the belt sander. However, some 
work with the orbital sander is still 
required to remove the glazed effect 
of unidirectional sanding. 

Construct the table-leg assembly 
and drawer as shown in the drawing. 
Lightly sand the entire job, and you're 
ready for finishing. The exposed end 
grain in this piece will cause the top 
to shift if the bottom is not sealed 
against humidity, so the very first fin- 
ishing job is to thoroughly seal the un- 
derside. Use commercial sealers, shel- 
lac, or thinned varnish. Then perma- 
nently install the leg assembly. 

Because the top surface will drink 
a tremendous amount of finishing oil, 
partially seal it with a light coat of 
vinyl penetrating sealer (I ordered 
mine from Craftsman Wood Service), 
then apply a coat of sanding sealer to 
the aprons and legs. Follow the sand- 
ing sealer with a couple of coats of 
varnish, and you're ready to put the 
top finish on and into the wood. 

You may be tempted to use salad or 
vegetable oils on the top: Don't —they 
never dry. Don't use salad-bowl fin- 
ishes, varnish, or other surface fin- 
ishes either, because they will chip and 
show knife marks. Carefully sand the 
top to bare wood (the penetrating 
sealer will be far down in the pores), 
and apply a clear finishing oil, like 
Watco Danish oil. Let your first coat 
cure a couple of days, then apply a 
coat each day until the surface won't 
absorb any more. These finishes con- 
tain toxic solvents, so wait at least a 
week before allowing food to contact 
the top. Install the casters. 

Your butcher-block table top is now 
ready to withstand years of slicing 
without showing knife marks. It will 
be used and treasured by your chil- 
dren, too—assuming they haven't al- 
ready prevailed on you to make dupli- 
cates for their own kitchens. 
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6-point motormount 
for 3 hp engine 


Why pay $600, $1000 or more for an inflatable 
boat? Sea Eagle inflatable boats last for years, 
go almost anywhere and cost as little as $60. 
Fishing platform, motor runabout, river raft, 
camp boat, yacht tender and now a true speed- 
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Government at below market value. 
These items are seized by IRS, FBl and 
Drug Enforcement Agency. Cars sold 
to the public for as low as $200. This 
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STATES. 
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other necessary information, send your 
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! Lowest Prices Ever 


Youll find the most helpful shopping informa- 
tion in the Crutchfield catalog. 


FREE 
Stereo & Video 
Catalog 


Looking for honest answers to your car 
and home stereo, telephone, and video 
shopping questions? For 12 years, 
millions of people have referred to the 
unique Crutchfield catalog before making a 
consumer electronics purchase. That's 
because its in-depth articles, installation 
charts, technical tips, detailed product 
features and specifications are the most 
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iscount prices from dozens of manufac- 
turers like Sony, Pioneer, Jensen, Clarion, 
AIR, Sherwood, Infinity, ÉPI, Akai, Teac, 
Advent, Concord, JVC and Can 


Call or write now for your 
FREE Catalog 
Use the coupon below or call toll-free: 
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EXTRA WIDE 15" 
?" PRINTER SALE !9? 


* One Year Immediate Replacement Warranty * 15 Day Free Trial 


Comstar 15'5X 


*229° 


120-140 CPS List $499.00 
* Dot Matrix, impa 


* Tractor/Friction Printer 


Strike 
Bit Image * Underlining, Left-Right Margin 
Low Desce: rs, Super and Subscript * Prints 
Stand Block Graphics & italics * Centronics 
Parallel Interface 


(IBM — Commodore ) COMSTAR 152X SPECIFICATIONS (Apple — Atari — Etc. ) 


Print Size Character Fonts Character Sets 
10, 12, 17, 5, 6, 8.5 CPI Normal (10 CPI); Elite (12 CPI); Condensed 96 Standard ASCII, 32 Block Graphic, 96 
Number of Columns (17 CPI); Enlarged (5, 6, 8.5 CPI); Emphasiz- Italics Characters 


136, 164, 232 (68, 82, 116 Double Width) ed; Double Strike; Super & Sub Script 


15" Printer: 


CANON 15" Printer 


2 5 95. 
$699.00 


160 CPS + Letter Quality Mode 


* Programmable Characters 
* 2K Buffer * 15 Day Free Trial 


(IBM — Commodore ) CANON SPECIFICATIONS (Apple — Atari — Etc.) 


Printing Method Print Buffer Ink Ribbon Cartridge — Sale $14.95 
Impact dot matrix 2K-byte utility buffer Ribbon Life: 3 million characters/cartridge 
Printing Speed Image Printing Maximum Number of Characters 
160 CPS at standard character printing Horizontal 120 dots/inch (double density) Standard: 10 cpi 80 cpl 
27 CPS at NLQ character printing Horizontal 240 dots/inch (quadruple density) Enlarged: 5 cpi 40 cpl 
Printing Characters Interface Condensed: 17.1cpi 136 cpl 
Standard 11 x 9 dot matrix 8-bit parallel interface (Centronics type) condensed enlarged: oe i 2 <i 
NLQ 23 x 18 dot matrix Paper Elite enlarged: 6 cpi 48 cpl 
Character set: Full ASCII character set (96), Plain paper, Roll paper, Single sheet, NLQ pica: 10 cpi 80 cpl 
32 special European characters Fanfold, Multipart paper: max. 3 sheets NLQ pica enlarged: 5 cpi 40 cpl 
Interfaces 
IBM $89.00 Apple $59.00 Atari $59.00 Commodore $39.00 


Add $17.50 for shipping, handling and insurance. Illinois residents 
please add 6% tax. Add $35.00 for CANADA, PUERTO RICO, HAWAII, 
ALASKA, APO-FPO orders. Canadion orders must be in U.S. dollars. 
WE DO NOT EXPORT TO OTHER COUNTRIES, EXCEPT CANADA. 
Enclose Cashiers Check, Money Order or Personol Check. Allow 14 
days for delivery, 2 to 7 days for phone orders, 1 day express mail! 
VISA — MASTER CARD — C.O.D. 
No C.O.D. to Canada, APO-FPO. 


COMPUTER DIRECT 


We Love Our Customers 
22292 N. Pepper Rd., Barrington, Ill. 60010 


312/382-5050 to order 


y, 52K Lowest Price In The USA! 152K 
Ama: Computer System Sale 


* Students * Word Processing * Home * Business 


LOOK AT ALL YOU GET FOR ONLY S 399 INDIVIDUAL| SAVE 
LIMITED QUANTITIES SYSTEM PRICE LIST PRICE SALE PRICE 


G Atari 130XE 152K Computer $249.00 $134% OVER $100 
@Atari 1050 127K Disk Drive 299.00 179% All 5 ONLY 
G Atari 1027 Letter Quality 20 CPS Printer 299.00 179% $399" 
Atari Writer Word Processer 59.95 49*5 
Atari BASIC Tutorial Manual 16.95 12*5 SYSTEM 


All connecting cables & T.V. interface included. 


«aaa an | SAD we | SALE PRICE 
tr Monitors sold seporetly. TOTALS $923.90 $547.75 
CALL FOR 1027 PRINTER REPLACEMENT OPTIONS 


Other Accessories List Sale Add $9.95 for 
xv 12" Hi Resolution Green Screen Monitor $199.00 _ $79.95 Connection Cables 
x 13" Hi Resolution Color Monitor $399.00 $159.95 Add $10 for UPS 


15 DAY FREE TRIAL. We give you 15 days to try out this ATARI COMPUTER SYSTEM! ! If it doesn't meet your expectations, just send it back to us prepaid 
and we will refund your purchase price!! 90 DAY IMMEDIATE REPLACEMENT WARRANTY. If any of the ATARI COMPUTER SYSTEM equipment or 
programs fail due to faulty workmanship or material within 90 days of purchase we will replace it IMMEDIATELY with no service charge! ! 


Best Prices * Over 1000 Programs and 500 Accessories Available * Best Service 
* One Day Express Mail * Programming Knowledge * Technical Support 


Add $25.00 for shipping and handling! COMP UTER DIRECT 


Enclose Cashiers Check, Money Order or Personal Check. Allow 14 
days for delivery. 2 to 7 days for phone orders. 1 day express mail! We Love Our Customers 


We accept Visa and MasterCard. We ship C.O.D. to continental 22292 N. Pepper Rd., Barrington, Ill. 60010 


U.S. addresses only. Add $10 more if C.O.D., add $25 if Air Mail. 31 2/382-5050 to order 


A very special 
guide to what 

the exciting world 
of computer and 
electronics kit- 
building can 

do for you. 


The informative Heathkit Catalog shows 
you more than 450 exciting electronic prod- 
ucts that will challenge, instruct, and enter- 
tain you. You'll find countless kits that you 
can build and enjoy, from computers and 
robots to color 

tv's and a variety of 

home products. 

And each is backed 

by our years of 

experience and 

our promise, 

“We won't let 

you fail.” 
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Bad gas (Continued from page 75; 


they'll realize that they can up the vol- 
atility again and make more trips to 
the bank.” 

The problem is worse in some areas 
than in others. “The more progressive 
oil companies have modernized their 
refineries to take care of the crude 
they have to work with,” continues 
Colucci. “But the smaller guys are 
being pushed for octane. They don't 
have the facilities for refining the oc- 
tane into the gasoline. So they’re 
more likely to go out into the spot 
market and buy alcohols and other 
higher-octane feedstocks that you 
wouldn't ordinarily put in gasoline be- 
cause they push up vapor pressure.” 


Increasing emissions 


Another problem: When the EPA set 
auto emissions standards several years 
ago, gasoline was running around nine 
pounds in summer. Now, with averages 
higher, hydrocarbon emissions are up. 
A General Motors research team re- 
cently checked the emissions of cars 
across the country. They found that 
with RVP figures averaging around 
10.5 pounds, emissions were up sharp- 
ly. They also found that reducing pres- 
sure from 10.5 back to the nine pounds 
that was standard just a few years ago 
would reduce hydrocarbon emissions 
by nine to 25 percent. A GM techni- 
cal paper points out that gasoline with 
high pressures overloads the current 
carbon canisters, which were designed 
to reduce pollution but were designed 
for lower pressure fuel. “Our canis- 
ters are simply not designed to han- 
dle these high-volatility fuels,” says 
Colucci. (Another related problem: 
With high-volatility fuels that over- 
power the canisters, a certain portion 
of the fuel pumped into your tank nev- 
er reaches the engine. It evaporates, 
and the canister isn’t up to stopping it.) 

The car makers fear that the EPA 
will demand expensive fixes to reduce 
pollution—fixes the car makers say 
wouldnt be needed if gasoline were 
made with lower vapor pressures. “All 
the work we're doing to build emis- 
sions controls will go down the drain," 
says Jackson. "It's easy to see a sce- 
nario where we get more expensive re- 
quirements put on, and the volatility 
continues to climb. We end up chas- 
ing our tail.” 


Yet more problems 


Volatility isn't the only thing that 
worries the car manufacturers. Among 
the others: 

* Methanol may damage some 
parts of the fuel system. “Alcohols are 
corrosive and react with lead, mag- 
nesium, aluminum, and some plastics 
and elastomers [rubbers]," says Thring 
in his SAE paper. He also points out 


that such problems are minimal when 
alcohol concentrations are kept below 
approximately 10 percent. Chrysler 
reports that some rubber carburetor 
parts have been degraded and recom- 
mends that Chrysler car owners not 
use methanol blends. Atlantic Rich- 
field, on the other hand, has done ex- 
tensive testing of many different ma- 
terials and has published scientific 
papers reporting no significant differ- 
ence in those materials exposed to 
Oxinol—a methanol blend—over 
those exposed to pure gasoline. 

* Water may cause alcohol to sep- 
arate from gasoline. “Methanol hasan 
affinity for water,” says Clark. “It may 
then separate. If that happens, it rusts 
the inside of the mild-steel fuel lines 
and fuel tank and corrodes conven- 
tional carburetor and fuel-pump met- 
als.” Atlantic Richfield, which sells 
Oxinol, says it has solved the separa- 
tion problem with the inclusion of a 
cosolvent—a substance called GTBA 
(gasoline-grade tertiary butyl alcohol). 
Atlantic Richfield has also placed 
great emphasis on dealers thoroughly 
cleaning all tanks and eliminating the 
danger of water contamination before 
methanol blends are delivered. (The 
company also claims that GTBA low- 
ers vapor pressure.) 

At the moment, most auto compa- 
nies approve of the use of ethanol 
blends. But they’re divided on meth- 
anol. General Motors, Ford, Toyota, 
Honda, and AMC say up to five per- 
cent methanol is OK. Chrysler, Nis- 
san, Mazda, Subaru, VW, and Volvo 
say don't use it. 


How clean? 


Twenty years ago Mobil Oil Corp. 
began an ad campaign pushing high- 
detergency gasoline. It goes on to this 
day. However, the emphasis on deter- 
gency has not been industry wide. In 
fact, there is some evidence that av- 
erage detergency is falling, and that 
some gas contains no detergent at all. 
This can be important, especially to 
carburetors and fuel injectors, which 
are sensitive to low detergency. To see 
why, visualize a fuel injector's pintle 
valve. It's built like a garden-hose noz- 
zle. When the pintle is activated, it 
lifts off the conical seat and produces 
a cone-shaped spray of fuel. Each time 
the valve closes, fuel left on the end 
of the valve evaporates. After many 
repeated cycles, there can be a deposit 
from the evaporating fuel. And the 
space at the top of the nozzle gets 
smaller, upsetting the spray pattern. 
The result is loss of power, misfiring, 
surging, and poor drivability. A good 
detergent can prevent deposits or re- 
move them if they have already begun 
to form. 


So serious is this problem that GM 
vice chairman Howard H. Kehrl re- 
cently wrote to major oil-company 
presidents and executives. “It has be- 
come increasingly evident that port- 
fuel-injection systems are sensitive to 
fuel quality,” he said. “Their perfor- 
mance can be seriously impaired by 
deposits that form at the injector tip 
and inhibit fuel flow" He said that GM 
dealers could clean injectors, but the 
deposits could come right back. GM 
has asked the oil companies to reveal 
their plans, and some have indicated 
they will raise detergency. The GM let- 
ter implied that the company might 
recommend such specific brands of gas 
for GM cars. 

So just where does detergency 
stand? Nobody knows for sure. Fred 
Ruhland, an account manager at the 
fuel-products group at Lubrizol, one 
of the country's biggest suppliers of 
additives for both gas and oil, says the 
picture has changed in recent years. 
He says the amounts of detergents 
used are sharply down, but the effect 
is hard to know because some newer 
detergent materials are more effective 
than older ones. “A few companies 
were using between three hundred 
and a thousand pounds of detergent 
per thousand barrels of gasoline in the 
early seventies,” he says. “Now many 
of them have come down to between 
three and five hundred pounds. A 
growing problem has come about be- 
cause the majority of the oil compa- 
nies use a treatment in the range of 
eight pounds of detergent per thou- 
sand barrels. And some companies 
—it’s about thirty percent—use no ad- 
ditives at all.” 

Yet other companies have appar- 
ently been actually increasing deter- 
gency. For example, Hood of Mobil 
says: "We've improved the detergent 
package to the point where our regu- 
lar unleaded prevents deposit buildup 
in carburetors and port fuel injectors, 
and our new super unleaded can ac- 
tually clean up dirty fuel injectors. 
This recent Mobil development has 
won auto-industry praise, notably by 
the vice chairman of GM.” Adds De 
Jovine of Atlantic Richfield: “We use 
more detergent, a higher cost deter- 
gent, now than five years ago.” 

One other important point: The 
gasoline business—like all others— 
undoubtedly has some dishonest op- 
erators. In fact, industry insiders talk 
about a phenomenon called splash 
blending. During the day, a tank truck 
filled with legitimate gasoline pulls 
into a service station and partly fills 
the holding tank. That night a truck 
filled with alcohol or a cheaper but 
higher volatility gasoline fraction 

Continued 


MUST LIQUIDAT 
HEAVY DUTY 


WET/DRY VAC 


All-purpose vac for big or small jobs! 
Because of a factory overstock, we are 
authorized to liquidate this brand new 
Wet/Dry Vac at a BIG savings to you! 
It's the same kind used by many pro- 
fessional cleaners. Has double filtration 
system with a secondary auto-shutoff 
when tank is full. Industrial-type two- 
Stage bypass motor has bearings that 
require no lubrication. Ten gallon heavy- 
duty steel tank and cover. 115V, 7.5 amp, 
60 Hz, 3-prong grounded plug. Upright 
push handle. Wire storage basket for 
cord. Accessories: 14" nozzle, 14" brush 
shoe, 14" rug shoe, 14" squeegee, two 
extension wands, 12 feet of 1%" diameter 
suction hose. Backed by One Year 
Limited Factory Warranty. 


Item H-1054-64106-00 Ship, hand: $9.00 


Sales outside continental U.S. are subject to special 
conditions. Please call or write to inquire. 


processing orders paid by check. 
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Don't Buy a 
BIG TILLER... 
Fora Small Job! 


Buya Ma 

Big tillers weigh almost 300 Ibs. 
Mantis weighs just 20 Ibs. (women and 
older gardeners love it)! 

Simply turning a 300-b. tiller in a 
backyard garden is a challenge. 

Mantis starts with a flick of the wrist... 
turns on a dime... and weeds between 
narrow rows and along fence lines. 

The Mantis takes the work out of 
growing flowers and vegetables... 
so you can have more time to enjoy the 
results! 

Most big tillers were designed to just 
till Mantis was designed from the 
beginning for a variety of useful attach- 
ments. Tiller. Weeder. Furrower. Edger. 
Lawn Aerator. Lawn De-Thatcher. Hedge 
Trimmer. 

Best of all, Mantis costs a fraction of 
what you'll pay for a big tiller. 

3-Week In-Your-Garden Trial! 

Mantis has a Lifetime Warranty on 
the tines (if they ever break, we'll 
replace them). A Lifetime Replacement 
Agreement on the engine. And a 3- 
Week In-Your-Garden Trial (if you don't 
like it, we'll take it back and give you a 
full refund). 


“What a pleasure to use. Never again 
will we have to rent a tiller, work like 
crazy to get it back on time, need two 
people to put it into and out of the car, 
get bounced all over and wind up with 
sore arms and headaches.” 

Ruth and Patrick Eagen 
Hempstead, New York 


Pre-Season Bonus 
For Early Orders! 


Mantis Manutacturing Co. 
1458 County Line Rd., Dept. 862 


C.O.M.B. Direct marketing Corp. 


Authorized Liquidator 
14605 28th Avenue North 
Minneapolis, Minnesota 55441-3397 


Huntingdon Valley, PA 19006 | 
Please send more information onthe — 8 
| Mantis Tiller/Cultivator. al 
2 
= 
| Name 2 l 
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City | 
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Bad gas continued 


pulls in and dumps another load. The 
result, of course, is out-of-bounds vol- 
atility, extra profits for the unscrupu- 
lous operator, and headaches—and 
maybe extra repair bills—for the un- 
wary customer. 

Many problems associated with bad 
gas undoubtedly come from such prac- 
tices. Although the people who do such 
things don't usually admit it, one in- 
teresting case has come to light. Vic 
Rasheed, executive director of the 
Service Station Dealers of America, 
said he heard a blender at a recent 


trade meeting say: "I just add until 
they start complaining." 


What can you do about it? 


First, buy gasoline at stations that 
have pumps with labels saying the gas 
contains detergents. 

Second, avoid buying gas at a sta- 
tion that gives you a tankful of prob- 
lem fuel. You can also recognize that 
all gasoline is not alike. If you sus- 
pect that car misbehavior may be gas- 
oline related, try another brand of fuel 
before attempting repairs. And when 


Nordic rack 


Cross Country Skiing Exerciser 


Builds Cardiovascular Fitness More Effectively 
Than Other 


"Of all indoor exercisers, 
only NordicTrack 
provides the same 
superior fitness 

building benefits 

as real 

X-C skiing.” ~~ 


8 time Nat'l X-C 
Ski Champion 

Olympic Silver Medalist 
World Cup Winner 


PSI 1985 


Exclusive Flywheel Action 
Provides unmatched smoothness and 
continuity from stride to stride. Motion and 
resistances are same as real skiing. 
Folds Compactly 

Requires only 15" x 17" floor space. 
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Exercisers 


NordicTrack duplicates the smooth, rhythmic 
motion of cross country skiing, recognized by 
health authorities as the most effective fitness 
building exercise available. 


Jarless Action is Better 
Than Running 
Does not cause joint or back problems. 


More complete. Resistance on arm motion 
provides a superior upper body exercise. 


More Complete Than 
Exercise Bikes 

Adds important upper body exercise and 
provides more uniform leg muscle usage. 
Higher pulse rates, necessary for building 
fitness, seem easier because more muscles 
share the exercise. 


More Effective and Safer Than 
Rowing Machines 


Safer because no dangerous back strain 
loads imposed. Scientific tests prove 
NordicTrack's skiing motion is superior. 
to rowihg for building fitness. 


Burns off 200 - 600 Calories 
per 20 Minute Workout 
For effective weight control. 


Free Brochure. Call 


800-328-5888 


Minnesota 612-448-6987 


141PS Jonathan Boulevard North 
Chaska, Minnesota 55318 


you find a gasoline that works, stick 
with it. 

Finally, as with most other products, 
you're most likely to get quality from 
a reputable company with a reputa- 
tion to protect. 


What's the outlook? 


Cars will undoubtedly be made 
more tolerant of high-vapor-pressure 
fuels. Fuel systems will be and are be- 
ing designed to remove materials like- 
ly to be damaged by alcohol blends. 
More cars are appearing each year 
with fuel injectors. And fuel injectors, 
though sensitive to fouling, are more 
resistant to vapor lock and fuel foam- 
ing. Fuel pumps are being designed 
to pump more fuel, reducing vapor- 
lock sensitivity. And anti-foaming de- 
vices are also being built into fuel 
systems. 

There is also a move toward state 
regulation. Twenty-eight states have 
requirements for labeling alcohol 
content, if any, and a few—such as 
California—actually regulate vapor 
pressure. Some are urging the EPA 
to attempt to control emissions by re- 
quiring certain levels of detergency, 
vapor pressure, and other qualities. 
The EPA reportedly has these mat- 
ters under study. The Motor Vehicle 
Manufacturers Assn. has been urging 
complete disclosure on the label at- 
tached to every gas pump. 

The fact is that both the auto mak- 
ers and the oil companies are in very 
competitive businesses. Fuel with good 
detergency, no alcohol, or a lower 
vapor pressure costs more. In a study 
commissioned by the EPA, Bonner and 
Moore, Inc., an oil-industry consult- 
ing firm, estimates that vapor-pres- 
sure reduction costs 0.6 cent per pound 
of reduction per gallon of gasoline. A 
two-pound reduction would cost almost 
1% cents per gallon. 

The oil companies, of course, would 
like to keep prices down. They'd rather 
see the automobile companies make 
the fixes. That would increase the cost. 
of cars, of course. The car companies, 
on the other hand, would find life eas- 
ier if average vapor pressure were 
brought back to the old standard level 
of about nine. 

It's not the first time that similar 
situations have developed. The truth 
is that gradually new technologies will 
evolve that will chip off bits of the 
problem here and there; prices will go 
up a little for fuel and a little for cars; 
and some new problem will come 
along to attract our attention. In the 
meantime, you can be aware of the 
kinds of problems bad gas can cause 
and, so armed, have a good chance of 
being one of those drivers who don't 
get caught. Hs 


Tracking cosmic rays 
[Continued from page 71] 
super-Dagwood sandwich precisely 
spaced, and protecting the delicate 
membranes from the noise and vibra- 
tion of the shuttle flight, would have 
been a nightmare, says Meyer. The so- 
lution to the problem came out of a 
hole in a ski jacket. 

"Skip Johnson, our mechanical de- 
sign engineer, was sitting in our office 
one day," recalls Meyer. *He pulled 
some of the plastic stuffing out of a 
hole in his ski jacket and said 'You 
know, that looks nice. Maybe we could 
use that. Later, somebody put a back- 
packer’s magazine on my desk, open 
to an ad for this artificial eiderdown. 
And it turned out that these polyolefin 
plastic fibers were the ideal material 
and thickness for us. So we bought a 
supply and an industrial sewing ma- 
chine, and started sewing. The place 
looked like a blanket factory for a 
while." 

The X-rays from the blankets are 
detected by ionization chambers inter- 
leaved within the blankets. These con- 
sist of octagonal frames, each strung 
like a giant harp, with 200 hair-thin 
steel wires. Stretched over the frames 
is a covering of aluminized Mylar plas- 
tic film, and the chambers are filled 
with a xenon-helium-methane mix- 
ture. When an X-ray emitted by the 
fibers passes near one of the wires, an 
electrical signal is produced, telling 
scientists the energy and precise tra- 
jectory of the particle. 

"So far, we know the elemental com- 
position only up to less than a hun- 
dred billion electron-volts," says Meyer. 
“We can go up an order of magnitude 
with our detector. It is very crucial to 
get up to these energies because there 
are hints from ground-based studies 
that the composition of the particles 
might change with higher energies." 

Such studies of air showers, says 
Meyer, indicated that some of the 
high-energy cosmic rays plowing into 
Earth's atmosphere were as heavy as 
iron, but analyzing the showers is so 
complex that no one can be sure. 

"There have been ideas that pulsars 
might be responsible for accelerating 
particles to very high energies," says 
Meyer. “And one would expect a lot of 
iron on the surfaces of pulsars. But 
the theorists have, so far, only dem- 
onstrated that the necessary energy 
would be there, and have not quanti- 
tatively shown how particles could be 
accelerated." 

NASA plans to launch the Chicago 
Egg again in 1988. It will rejoin the 
many instruments that will roam the 
solar system and scan the skies from 
Earth over the next decade. And the 
storm of high-energy stardust called 
cosmic rays will continue to bring 
news of the galaxy beyond. 


Rid Your Property 
of Unsightly Brush Piles! 


... With the Amazing New 
SUPER TOMAHAWK Chipper! 
Shredder...exclusively from 
Garden Way! 


* it’s a powerful Chipper...andles big 
branches up to 3" in diameter with ease! 

*It's an efficient Shredder...\urns almost 
any organic matter into perfect mulch and 
compost instantly! 

*Revolutionary New Compact Design... 
7 ways better than bulky “old-style” chipper! 
shredders! 


into beautiful FREE mulch 
in less than one hour! 
= 
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1 


Garden Way Mfg. Co. Dept. A 242 
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HE STOMACH ELIMINATOR" 


For Travelers, Business Men and Women and 
Anyone Concerned with their Health and Good Looks 
| don't know about you, but | travel a 10 Minutes a Day and 


lot and often it’s simply not practical to 
go jogging or do exercise on the road. 
Worse, it often happens that you eat 
and drink too much while traveling. The 


result is stomach flab. ^ 


A Portable Device 

Recently, | found the 
answer to this problem. 
In Europe they have 
developed a 2/2 Ib. 
exercise device you con 
carry in your overnight 
bog. They call it "NO 
STOMACH” Designed 
specifically to eliminate 
all excess fat from your 
stomach, it is o stretching 
and exercise device 
made with three steel 
coil springs so you can 
adjust the level of work- 


Please send me 
at $24 postpaid each. 


Enclosed is a check/M.O. for $. 


Stomach Eliminator(s) 


Your Pot Belly Will Be Gone! 
That's our guarantee. If you're not 
satisfied with how it works for you, 
return it for full refund. There are seven 
simple exercises to do and you can do 
them almost anywhere: In a hotel 
room, in your own home, etc. That's 
why | think the Stomach Eliminator 
really is the answer for people who 
travel, who like to have good meals, 
but who don't want the. pot belly that 
often comes as a result. 

DUR GUARANTEE: IF this product does not re- 


duce your stomach significantly in 90 days, return 
for full refund. 


Cecil C. Hoge, Jr. 


Charge my credit card: 
OAmex ODiners OVisa OMC 


Card No. Exp. Date 


Signature 
NX. Residents please add sales tax. 


Zip. 


HARRISON-HOGE INDUSTRIES, INC. 
Dept. PS63X, P.O. Box 944, Smithtown, NY 11787 
Phone: (516) 724-8900 8:30 am-4:30 pm M-F EST 
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It’s a pterodactyl 


(Continued from page 79 

Working in AeroVironment’s small 
development facility in Simi Valley, 
Calif., project manager Alek Brooks 
and his team worked with the pale- 
ontologists to push the pterodactyl de- 
sign through a series of steps. They 
began with a toy-sized model powered 
by rubber bands, then moved to pro- 
gressively larger and more realistic 
reptiles. At one point, Simi Valley res- 
idents were startled to see an Aero- 
Vironment van racing up and down 
the streets with a quarter-scale ptero- 
dactyl strapped to its roof. 

“It made a wonderful flight simu- 
lator? says engineer Martyn B. Cow- 
ley. “We put several hundred flights 
on that bird.” 

As they built the various models, 
the design team dealt with the prob- 
lem of fabricating an extremely light 
internal structure that would be strong 
enough to withstand the stress of wing 
flapping. They also needed to create 
a skin that would be both tough and 
realistic. The wing-flapping mecha- 
nism itself would require months of 
development. Finally, they had to find 
a way to launch the beast. 


Building bones and skin 


Before deciding on the materials 
that make up the pterodactyl’s struc- 
ture, AeroVironment tested a full 
range of options, including aluminum, 
birch, and plywood. “We settled on 
carbon-fiber tubes for the bone struc- 
ture,” Brooks told me. He handed me 
a two-foot section just one inch in di- 
ameter and challenged me to bend it. 
I couldn't. The tubes, carefully and 
precisely made in the AeroVironment 
shop by wrapping carbon fibers around 
a form, are stronger than steel but 
weigh one-fifth as much. 

Far smaller tubes, serving as inter- 
nal struts, were handmade for the 
wings. Once assembled, the result 
is a wing with strength and rigidity. 
Yet it remains capable of twisting 
and bending slightly in response to 
aerodynamic pressures. The body co- 
vering and bulkhead around the flap- 
ping mechanism are a honeycomb 
material sandwiched between carbon- 
fiber sheets. 

With the wing structure deter- 
mined, the team faced the question of 
skin. The covering must be strong 
enough to withstand the rigors of 
flight yet be realistic enough to fool 
the eye. After trying and discarding 
a variety of materials, they settled on 
a thin latex film epoxied to a light- 
weight packing material. Engineer 
Ray Morgan showed me the result—a 
slightly mottled, gray-brown surface 
that might have fooled a pterodactyl's 
mother. 

“It feels just like dinosaur skin, 
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doesn't it?" Morgan said with a grin. 
I had to agree... I think. 

How does the team expect this di- 
nosaur replica to fly? MacCready sums 
up the basic design: 

“In response to an on-board com- 
puter, the replica maintains stable 
flight by moving its head from side to 
side, extending fingers midway out on 
the wings, twisting the wings, and 
swinging them forward and back- 
ward,” he says. “All this goes on while 
the battery-powered ‘muscles’ flap the 
wings to provide propulsion.” 

Primary power comes from two pow- 
erful samarium-cobalt electric motors. 
Small enough to hold in your fist, 
the motors draw energy from nickel- 
cadmium battery packs to produce a 
full horsepower each. These motors 
drive the jack shaft that flaps the 
wings (see drawing). A third, smaller, 
motor mounted toward the rear of the 
body controls the fore-and-aft sweep 
needed as the wings flap. 

To reduce stress on the motors, the 
pterodactyl specialists designed an in- 
genious counter-tension system— 
basically a set of 66 rubber-band *mus- 
cles" running from the jack shaft up 
through the lizard's neck. 

“When the wings flap up or down," 
Brooks explained, “a cord winds onto 
a spindle and stretches the bands. 
That provides a counter tension on the 
motor so that the wings always return 
in the opposite direction of where they 
are.” 

Although the counterforce relieves 
tension on the motors, reducing the 
force needed to move the wing, the 
practical effect is to conserve battery 
power. Even so, maximum flight du- 
ration for the pterodactyl will be 
barely five minutes. 

The wings themselves generate con- 
siderable lift. Morgan told me to flap 
a nine-foot wing used in bench test- 
ing. With each down stroke, I could 
feel the distinct forward thrust and 
see the wing twist slightly under 
pressure. 

But will the machine really fly? 
To find out, designers first tested a 
pterodactyl-shaped glider. Its wings 
didn't flap, and it crashed repeatedly. 
But after scores of minor changes and 
reflights, the scale model achieved 
modest stability. 

Those tests also provided the solu- 
tion for getting the reptile replica into 
the air—a two-wheeled launch trol- 
ley with a rearward tail assembly. 
Towed behind the van, it leaps into 
the air, carrying the machine to alti- 
tude. Once aloft, the trolley falls away, 
and the pterodactyl is on its own. 

But then Brooks faced the problems 
of in-flight stability. A pterodactyl has 
no tail. Its long neck and head are at 


the wrong end for modern aircraft de- 
sign. “The head has to move left and 
right to act as the rudder,” Brooks told 
me. “Without that motion, it would 
flip around backward in a second.” 

Head motion is so critical that it 
must be controlled automatically. 
The builders designed and built a 
special autopilot to do the job. It’s 
about the size of a soap dish, but it 
monitors head movement via sensors 
and constantly feeds corrections to 
servomotors. 

The autopilot also controls wing 
sweep. The wings must move fore and 
aft to provide pitch stability, Brooks 
said. To show me these motions, he 
used the final 43V4-pound, half-scale 
model. Mounted on a test stand and 
still without its skin, the skeletal liz- 
ard was an eerie sight. 


Wings in motion 


Brooks started its motors—and 
immediately there was a sharp and 
definite forward motion of the 18- 
foot wings, combined with powerful 
flapping. 

At each wing stroke, the counter- 
tension bands twanged in and out. The 
head shuddered and jerked, with the 
closed beak twitching at its tip. Flap- 
ping at about one complete stroke per 
second, the wings twisted and moved 
front and back, and up and down, all 
at the same time. 

Additional wing control comes from 
the webbed hands at each main wing 
joint. "The hands act as spoilers," 
Brooks said. Latex webbing between 
the fingers gives the hands "real air- 
brake quality" he added. A second 
autopilot controls the hands. 

So sophisticated are the computer- 
controlled autopilots that a standard 
model-aircraft radio system is used 
—unmodified—to control the ptero- 
dactyl's flight. The ground controller 
uses the system to initiate turns and 
altitude changes and during takeoffs 
and landings. To land, the creature 
plumps onto its reinforced chest and 
belly, which serve as a skid. 

Bench testing of the half-scale model 
ended last October. Brooks wanted to 
finish flight tests by the end of 1985 
and then build a full-scale version. By 
late spring the model was due to be 
filmed in Texas. Then would come the 
flights at the National Mall. 

But flight tests on the half-size 
model ran behind schedule, and Mac- 
Cready scrapped plans to build a 
larger one. “The 18-foot version is ca- 
pable of achieving all the original 
goals,” he says. 

“After all, no one in aviation—except 
makers of small, tissue-covered model 
airplanes—has ever achieved flapping- 
wing flight,” adds Cowley. Gs) 


Why Are We Giving Away 
Famous Nationally Advertised™ 
MALIN M-15™ 


SURVIVAL KNIVES 
| for only $4? ~ 


As part of a nationwide advertising campaign, a New York firm will give away one million 
(1,000,000) of its most expensive hunting knives—the best-selling MALIN-15™ = 
SURVIVAL KNIFE—for the astonishing publicity price of only $4 each to the first * 
one million persons who write to the company address (below) before Midnight, 
May 31, 1986. 


This original publicity ad must accompany your P. Compass 

request. Copies or photostats are not acceptable. , Unscrews 
These knives are not copies. These are genuine MALIN M-15™ SURVIVAL To Reveal 
KNIVES—the same famous survival knives nationally advertised in leading 


media throughout America. They are the most popular (and most expen- Survival Bit 
sive) hunting/fishing/camping knives of their kind ever sold by this À 
multi-million-dollar firm. 

A foot long and r-r-r-r-r-r-r-razor sharp! 
If you had to describe the MALIN M-15 in just one 
word, that word would have to be...big/ Each MALIN 
M-15 is a whopping 12 inches long—a foot in length/— 
yet so perfectly balanced it cuts and thrusts like an exten- 
sion of your own hand. Heft this beauty just once; you'll 
never want to put it down! 


Each MALIN M-15 blade is crafted entirely of 420 
molecular stainless! Thick as a silver dollar at the 
spine, it’s tough enough to split wood or shatter bone. 
Yet the edge is so wickedly sharp it slices thin 
as a whisper! 


Survival Kit hidden in the hollow handle 


But that’s not all! In the pommel of each 
MALIN M-1Sisa precision ZF-360 Liquid 
Damped Compass. And when you un- 
screw the compass—there is an aston- 
ishing Survival Kit complete with 
packet of waterproof wrapped 
matches, half-a-dozen fishing 
hooks, sinkers, nylon test fishing 
line, sewing needle kit—even 
an 18-inch cable saw actually 
capable of cutting down a 
a small tree. No wonder 
this is the best-selling 


survival knife of its kind ever 
sold by this multi-million 
dollar New York firm. 


These Famous Nationally Advertised MALIN 
M-15 SURVIVAL KNIVES will not be sold at 
this price by the company in any store. There is a 
limit of two (2) per address at this price, but if your 
request is made early enough (before May 25) you 
may order up to five. Each knife is covered by the 
company’s unconditional one-year money-back 
guarantee. 
To get your MALIN M-15 SURVIVAL KNIFE, mail this 
original publicity ad (no copies or photostats) together with 
your name and address and $4 for each knife. Add only $2 
shipping and handling per knife. (New York residents add sales 
tax.) Allow up to 6-8 weeks for shipment. Make check payable to 
CVP Co. Mail to: CVP MALIN M-15, Dept. 191-102, Box 
1201, Westbury, New York 11595. (V22830) 


FREE Sheath & Sharpening Stone 
if you respond before May 25 


aro [o 


Heavy duty sheath for your belt is 1-foot long with lanyard, 6-rivet construction, 
haft retainer, and built-in snap-pouch for sharpening stone (stone included). 


© 1986 POM, Inc. 1200 Shames Dr.. Westbury. N.Y. 11590 


Wordless Workshop 


By ROY DOTY 


OMET HALLEY 1910 


I'm Harry Builderus 
and my Little Big Giant 

"COMPAQ" Giant Bi- 

noculars will make you 

a walking astronomical 

observatory. 

Whats a giant bi- 

nocular? It's like old- 
fashioned binoculars, 
Only giant size and 
giant quality... with truly 
Stunning asironomical 
or (heaven forbid) ter- 
restrial performance 
And the LBG's pack 
the — biggest-deep 
space punch of the 
bunch. 

Ever try looking at the night sky with a pair of 
7x35's or even 7x50's? Pretty dim. Want to waste 
your once-per-average-lifetime Halley experience 
with those designed-for-daylight average binocs? 


“I have lots of good binoculars 


but we all fight over the 9x63. 
They’re a pleasure to use.” 


Comet Halley requires the greatest possible field 
of view and large aperture optics of very high quali 
ty. Our LBG 9x63 has both. How'd you like a 6.2° 
field of view? By comparison, the 3* average field 
of 80mm's is like looking through a peashooter. 

Many of the best deep-sky objects require the 
largest possible field...the Veil and North American 
Nebulae of sparkling Cygnus, for example... the An- 
dromeda Galaxy with its major dust lane and 
satelite elliptical galaxies.. and then you look a lit- 
tle south and east of M31 for the beautiful 
THangulum spiral galaxy M33. Think you see spiral 
arms? It's not your imagination...just a little LBG 
MAGIC, And the MILKY WAY! That luminous band 
of stars and nebulae which is our home galaxy will 
make you and your family gasp in delight. Especial- 
ly this March and April when there smack in the 
center of the incredible MILKY WAY VISTA... 
COMET HALLEY...like an exclamation point! The 
cosmic punctuation to a perfectly spectacular 
experience! 


“The LBG963 is doing a great 
service to mankind." 


The nine power, the multi-coatings, the roof- 
prisms, thé high, through-put, centerfocus 

liner eyepleces, the larger starfield...all com- 
bine to give you the astronomical experiences 
of lifetimes. 


OVER 35 YEARS EXPERIENCE 


But is there a good reason to own 
more than one LBG? Yep. It's the 
LBGZOOM. While nothing can sur- 
pass the high-thru-put, wide-field 
sparkling views of the LBG963, 
many objects such as globulars, the 
Orion Nebula, Saturn, Comet 
Halley's coma (head), the Moon, 
etc. invite higher magnification. And 
what better way to get there than 
by zooming up to it with the ab- 
solutely incredible LBG 10x40x60. 


“These are 
the future.” 


Imagine the sword of Orion in a high-quality 
60mm, 10 power binocular. The field is flat, the sky 
ia black, the stars sparkling and yes, there's the 
Nebula, all right, but whoa, it's tiny! Now imagine 
reaching up and moving a smoothly precise lever 
on the right eyepiece. Good heavens, the stars, the 
Nebula, space itself starts zooming right at you. 
It's as if you're plunging into space at many times 
the speed of light...straight for M-42. You start see- 
ing detail. That spectacular glowing cloud (recently 
illuminated by the hot young stars it created) is com- 
in’ at cha! And what's this? You've reached 40 
power and there twinkling away in the nebula's 
awesome heart...the Trapezium...all 4 stars. The 
field is near perfect, the stars are Airy disks. Ex- 
quisite excitement! 


“I saved hundreds 
and my wife loves them" 


The LBGZ's even make the Moon a thrill. its 
spherical solidity has to be seen under conditions 
of steroscopic zooming to be appreciated. 

And then there's Saturn. At 10 power, you'll see 
what other binoculars show you: a bright orangeish 
star with Titan orbiting nearby. But LBGZ's are not 
ordinary. You can grab that lever and switch into 
hyper-drive. Here comes Saturn, rings and alll 
Other than Comet Halley, perhaps no other single 
sight can capture the heart and mind so quickly. 
Everyone remembers a zooming adventure to the 
rings of Saturn. 

Here, perhaps, is the best reason for owning 
TWO LBG's. Both are specialized and indispens- 
able. And we'll pay shipping when you order a pair. 

Our factory in Japan is among the most 
modern, producing giants that compete favor: 
ably with their $600+ European Counterparts. How 
do we do it? First, we build thousands at a time 
for BIG COST SAVINGS.. and WE SELL DIRECT. 
But the big secret is: WE LIKE YOU. We Know 
your money Is your time and we respect its 


1-800-544-2237 


value. Please don't do what some do and assume 
that our offer is too good to be true. You don't risk 
a thing with our 15-day MONEY-BACK GUARAN- 
TEE and LIFETIME WARRANTY. Because we've 
sold to the astronomical community for years, 
you can be assured that your LBG is a proven pro- 
duct. You may call any time on our TOLL-FREE 
line for further information or ordering. You won't 
reach impersonal order-takers, because we are 
staffed with astronomers who really care and know 
what they're talking about. We'll tell you straight 
the pro's and con's of either Little Big Giant. Then 
you decide. We can usually WHOOSH them to you 
for 3-day delivery anywhere in the U.S.! 
If you prefer, send check or money order. 


“M-33’s spiral arms, M-31’s 
dust lanes, Pleiades 
Nebulosity, and 
Featherweight—Amazing!” 


“The LBG's are easily more of 
everything we wanted." 


LBG963 (9x63mm) Roof-Prism, Rubber Armor 
Binoculars with case, 
straps, etc.. $137.50* 


L-type tripod adapter for LBG963 . 5.50 


LBGZOOM (10x-40x60mm) witripod 


mount, case, straps, etc. 167.50" 


Order the pair complete with shipping to you only 
$299.00 and get tripod adapter FREE. 


Happy Halley Hunting and then some! 


yf Bal 


MONEY-BACK GUARANTEE 


LIFETIME WARRANTY AGAINST MANUFACTURING DEFECTS AND WORKMANSHIP 


PO. Box 33008, Kahului, Maui, HI 96732 


NOT AVAILABLE IN STORES 
* plus $10 Shipping 
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Shoppers' Showcase 


A selection of products and services for Popular Science readers available direct by mail. Enjoy the fun and convenience of mail 
ordering shopping. Please order directly from the advertiser. For advertising rates for this section, write Advertising Sales, Popular 


Science, 380 Madison Avenue, New York, 


N.Y. 10017 


Clap your 
ands four 
imes to locate keys 
ittached to the "Beep'n. 
HE Keyfinder, If its within a 30-ft. 
the Keyfinder responds with four 
l- sec. of loud Sue n 70, Check, MC, or ga 


jedi 
Bes Fillmore n ecd "PS3 6 
yos , CA, 91754 
(619) 288-3043 Free catalogue 


TODAY'S HOME FOR TOMORROW'S ECONOMY 
Discover how our unique "Solar Gambrel’ designs heat and 
«ool naturally to save you money for years to come. 

Our economical kits start at $3995 including detailed 
blueprints, video tape, and color coded plans to assure fast and 
asy assembly. Many models and over 40 sizes to choose from. 

For brochure, floor plns, kit options & price lists send $5 to 


| Sues P. O. Box 1198, Lahe Elsinore. CA 92330 
niv ns waco | 


REVOLUTIONARY 
Multi-Fuel Furnace 
actually “cooks” 
wood into CHARCOAL in N. 
unique DUAL-HEAT process! 


* High tech, state-of-the-art design SQUEEZES 


= 
| MORE HEAT FROM EVERY LOG! 


* Thermostatically controlled to give you up to 
12 HOURS OF WHOLE-HOUSE HEATING 
COMFORT ON ONE LOAD! 


E 
* Use it as a wood furnace, a gas/oil furnace, 
ora revolutionary "Dual-Heat" furnace... THE 
LONGWOOD GIVES YOU ALL THREE HIGH- 
l EFFICIENCY HEATING CHOICES! l 


Write for FREE LONGWOOD Literature today! 

HomePlace Direct 

Dept. A109, 20 Gurley Ave., Troy, NY 12182 
ED ee ee ee 
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Do it Yourself 


Build your attractive, energy-efficient dome us 

Our complete, fully-engineered kit. Or, you can s: 

money by purchasing just our plans and heavy 
onnector system, and cut your 

talog, $6. 

Timberline Geodesics, Inc. - P-3 

2015 Blake, Berkeley, CA 94704 
1415] 849-4481 


g 


We have a complete line of low cost, qi 


START YOUR OWN 
MONEY MAKING BUSINESS X 


DUCKSMITHEE 


Never before have money-making opportunities been so 
great for qualified Locksmiths. Now lucrative regular 
lock and key business has multiplied a thousandiold as 
[milions seek more protection 

Yet there's only one 

le! Train FAST at Home — 

Pont Away. Youre im business ready io eam up to 
$26.00 an hour a few days after you begin Foley- 
Belsaws shortcut training. Take advantage of todays 


Tells how you 
‘quickly train to be 

your own boss in 
aprofitable 


unprecedented opportunities in Locksmithing for year- | SI or Full- 
found EXTRA INEOME n spare time — or ful ime a | lime business ol 
high-profit business of your own. Hundreds weve | Your own. 

trained have done it. So can YOU! All tools plus profes- SEND FOR 
‘sional Key Machine given you with course. These plus. 

practice materials and equipment, plus simple, ilus- | YOUR COPY 
trated lessons, plus expert supervision, pius business-| TODAY! 
‘building guidance will enable you to THE MONEY 

COMING IN! Ideal for retirement — good jobs, too. 30 DAY NO 
SEND FOR EXCITING FACTS — NO OBLIGATION! | RISK TRIAL 
PRO KEY MACHINE YOURS ALL SPECIAL TOOLS 


TO KEEP FREE 


POLEY-BELSAW INSTITUTE 
10878 FIELD BLDG., KANSAS CITY, MO. m 


PLEASE RUSH FREE BOOK “Keys To Your Future" | 


Doeaicutat dons 


Temes 


Book about Aluminum 
Molds with prices and 
production trade secrets 
direct from world’s larg- 
est mold manufacturer. 


CONCRETE MACHINERY COMPANY 
JOX B99 - HICKORY, N. C. 28601 


E HALLEY'S COMET Complete Satellite Listings 


Sample Copy $1, or call toll free 


800-358-9997 in U.S. 800-556-8787 in Ca. 
707-725-2476 all others 


P.O. BOX 308H0301 ITUNA, CA 95540 


Make 


It only takes a "minit" to enter 
the fast and easy, fun and prot- 
itable world of button-making 
with Badge-A-Minit. These 
24" plastic coated buttons. 
are fun to wear, fun to make 
and easy to sell at flea mar- 
kets, fairs, conventions 
sporting events, or any. 
where people congregate, 
‘Supply buttons for 
‘community events, 
school clubs or churches. 
Button parts cost only pennies each, 
finished buttons seil for much more. 
Only $26.95 gets you started with everything you need to 
make buttons. 
Send today for our FREE colorful 48 page | Sassesess. 
catalog PLUS a FREE 24 page book full of 
button-making ideas from Badge-A-Minit. 


GUARANTEED 


348 North 30th Ré. 
(815) 224-2090 

H SENO ME FREE the catalog and idea, 
© VES, SEND ME the Lr Starter k tor only $26.95 


plus $175 shipping {residents add ST 62 ax) 
Visa {| MasterCard 


Amencan Express 
Credit Card No. 
Exp. Date. ‘Signature. 


Name. 


Address. 


Cay 


HARD-TO-FIND SCIENCE BUYS NOW ON SALE! 


America's Largest Mail-Order Market Place of Unusual and Fascinating Values of Science, Weather, Health, 


Electronics, Magnets, Telescopes and More. For Hobbyists, Gadgeteers, Students and Educators. 


Powerful Tire Inflator Pumps Instant Air— 
When And Where You Need It. 


A must for every 
safety-minded. motor- ^T 


ist. Deluxe Mini Air | D 
«, Compressor de- 
livers a full 150psi || K I 
of air pressure— ||, 


^ enough to inflate 
auto tire. Simple 


io Fishing With This Mighty Magnet. 
Lift up to 200 bs. Fun to use around docks 
‘and bridges. A must for a boat, it helps 
retrieve metal objects that fall overboard 
‘Youll be amazed at what you pull up. Wt. 
2s., measures 43x354" Made with a 
Poly-Vinyl Chloride coating to resist cor- 
rosion and chipping. N71,135 $26.95 
P^ Add $2.50 for postage and handing. 
Be Fi Flashy. „Build Your Own Mini-Strobe Kit 
Gets attention, Used in stores and window dis- 
plays, at disco parties and for school projects. 
Kit includes 214x214” circuit board, 

a 


z cars cigarette liter 
"ÁO Sette desired air pressure and srap tear hose. 
ES) into your nre vatve. The nfator wil automaticaly 
stop when the preset air pressure is reached. 
‘LZ And, you save on costly sevice calls, gas mieage 
increased and tre wear i reduced with property inated res. 
Many other uses too inflates bicycle tires, sporting equipment. 
peach balls, inflatable boats and air mattresses, 
Reg. $27.95 N34 UT! $24.95 
id $2.80 for postage and handling 


neon bulb and flash tube, switch 
heat sink, transformer. transistors. 
resistors, diodes, and complete in 
structions, Takes 2 "C or D bat 
teries. Soldering iron and small 
screwdnver required 

N35,655 $9.95 
Add S2 50 lor postage and handing 


4 Prong Holder Grips Tiny, bz 12 Feet Of 44 Bright Multi-Colored Bulbs. 
Hard-To-Hold Delicate Parts. 47. V Make A Unique Window Display 0 Or Decoration. 
Indispensable for modeimakers, hobby. 49» Dramatic attention-getter Clear 

ists, anyone having to hold (or retneve) small screws, ec > plastic flexible tube encases 44 » 

nuts. springs or any tiny part. Could be the handiest | liy brightly colored bulbs- IAA 

‘gadget in your tool box. Reaches into inaccessible ‘connects with modular plug toa “SS. 

places. Press the plunger and the 4 stainless steel |] | contro! box. Controller allows : 

tips expand. gnpping tight any tiny object. 45" long. the selection of a variety of patterns. gd $2.50 for 
‘maximum opening 5," W35.314 $3.95 || Controller Only  N35280 $24.95 Postage and 
Add $2 50 for postage and handling YPFLLighlStrand N35.279 $18.95 — Handing 


To-Read, Giant Thermometer With 12" Dial 


Easy: 
Registers Both High And Low Daily Temperatures. 
This big thermometer has large, bold 
numerals to read the minimum and 
maximum temperature o the day and is 
constructed of high quality steel and 
aluminum. (deal tor checking atmospheric {40 


variations and heatioss/gam. NT2,467 
Reg. $19.95 SPECIAL PRICE $12.95 
Add S2 50 lor postage and handing 


un And I ! You'll Play For Hours. T 
Revolutionary New, Cool-Craft Motor Boat Is A Unique Bathtub Racer Pee 
ith These or Ma netic! Magic Marbles. = f 
Build b "€ sere pat. | POWERED BY ONLY A SINGLE ICE CUBEI. ! ve T A 
terns with these fascinating, igh impact | Remarkable to watch. chidren (from 6 to 60) are intrigued as this - 


plastic marbles. Each marble has both a 
negative and positive pole. A challenge to 
your imaginaton. Fun for youngste 
adults, too! 20 marbles per pack 
N35,577 (2 packages) $5.95 


miniature power boat skims through the water — powered only by an 
ice cube. How? It operates by means ofa single Nino! (nckel-Itanum 
alloy) wire looped around two wheels to convert thermal into mechan, 
ical energy. The patented Nitinol engine operates between the warm 
bathtub temperature and the temperature of the ce cube The differ 


Add $2.50 for postage and handling | ence of temperature causes the wire loop to spin rapidly. turning the 

rapelle 8'2” ong. made of plasc m navtea red whe and Bue. 

it's Easy To Monitor Your Own Blood Pressure | Ay $2 so ior postage and handing nae 02] $26.95 
p In Your Own Home. = 


The Ultra-Thin, Mechanical Fine-Line Pencil 
For Artists, Draftsmen, Architects, Executives. 


Here's An Eme 


New, Low Bargain Price! 
That. M N 


Now you can take accurate, 


ency cy Radio/Flashlight 
Batteries Or House Current. 


Nature's Own Symphony of Sounds Will Gently 
Put You To Sleep (Without Any Pills). 

Now you can relax and unwind your 
frayed nerves as you listen to the 
soothing sounds of natur from our 
incredible "sound-conditioning 
machine at produces a synthesized 
mix of 5 different sounds- surf 
breaking on the beach, the gentle 
sound ofa, masking white sound, the sound of a metronome 
and the heartbeat. Used in hospitals to relax coronary 
patents- screens out unwanted noises trom neighbors, a snor- 
ing spouse, a dripping faucet or just annoying traffic, to allow 
you arelaxed, deeper sleep. Adjustable volume and pattern con- 
trols, 110V, UL approved. Comes with pillow speaker, 


Add $2.50 for postage and handling N35,436 $49.95 
Digital Thermometer Reads “A. 
How Cold It Is Outside. uv epu 


——À This new high-tech marvel reads temper 
| ture in your home and outside, too. Can 
be wall mounted 

Sensor out the window and close the win- 
dow. Operates on one 9V battery (not 
incl.). Gives readings trom ~40°F to 
199°F, measures 2x3x2'4" Reg. $24.95 
Add $2.50 for postage and handing N34,005 $19. 


reliable readings of your 
blood pressure in the pri 
vacy of your own home. 
Keep an accurate record to 
save or to show your doctor 
Comes complete with blood 
pressure gauge buit right into the cuff, 
instruction booklet and case 

‘Reg. $34.95 SPECIAL PRICE N71 E74 $16.95 
‘Add $2.50 for postage and handing 


When power failure strikes, and your 
batteries go dead, Dynamo Radio! 
Flashlight comes to the rescue. A 
‘unique, self-contained hand-crank 
generator rovdes sultcien power 
for hours of important AM/FM radio 
‘emergency information and a power 
ful bnght light from its flashlight. A 
handy tagalong (without any emer. 

or on vacation. Add $2.50 


dina ——Q. 
“JAMES This sleek. thin lead pencil has superb writing char: 
eodeni eon EE 
to hold, the ultra thin lead (only Smm diameter) gives clean. 
ere labs ete 
is about 30% less. 1 dozen pencils, N35,730 $6.95 
48 extra leads and 8 extra erasers, N34,088 $3.95 


Toon at sporting events 
postage and 


Genuine Swedish . Army 13^ Bayonet 
pene 


‘Made of the finest high-car: 
bon, rust fee steel to the high 
ngid standards of the Swedish 
army Compete with sheath Forcolecors Used bun x, 
cellent condition, (Not available to NJ residents or minors ) 

N35.911 $18.95 


high flow. Ideal for temperature control and circulation <2 e= 


J. Reg. $39.95  N35,420 $34.95 | A0 $2 50 lor postage and handling Add $2.50 for postage and handling 
‘Motors ByThe Bag For Hobbyists, Modelmakers. thi s pawing 
[Have tun by adding mo: - | Radiometer...A Space Age Sphere. Miniature Water Pump For Photography t Darkrooms, V Water Displays, elc. 
fton to your science fair Its fascinating to watch the delicate vanes buini s hat" 
projects, demonstra: within this 5" precision-made sphere spin This tiny pump can pump a pint per minute with a12” p- 7 3 


fions and experiments — (a 
with this special buy of = 

(20, 1” motors with * 

(ong shafts and 2 wire 
leads N1304 $9.95 
Auld $2.50 for postage and handi 


Amazing 8x20" Spy Scope, Fits In The Palm Of 
Your Hand! Brings The World 8 Times Clos: 


— Perfect lor hunters, bird- 
— watchers, racing and sports 
fans. Youll never miss out 
‘on that rare bird-sighting. 

the big play...or the photo 
finish again. It measures a 
mere 3Yex3x1¥e" weighs 
only 2 ounces. Precision in- 
strument has fully coated 
optics with fingertip control 
sves bright, sharp images and is uli sealed to resist dust and 
Moisture. Neck strap and case included. Reg. $29.95 
Add $2.50 for postage and handling N1568 SALE $19.95 


Americans Are Jogging, Running And — 7 
Walking Their Way To Better Health And Fitness: As 


*N. Improve Your Jogging And Running Workout With This 4 
*« Powerfully Motivated Cadence Of The U.S. Marine Corps. 


Listen to this new stereo cassette on your own portable player while jo 
X ging or unning ang falin sep wih e spring running cadence of Ine U 
Marine Corps. You'l run easier, faster and farther as you isten to the famous 
music of “The Bold Who Wear the Red and Gold” and “That Or Marine Corps 
Spirit” recorded at Parris Island and San Diego marine bases. 37 minutes 
Add $2.50 lor postage and handing N35,873 $9.95 


ggers! Prevent Injury With Cushiony, | Fingertip Pulse Monitor Tracks 
Energy Absorbing Shoe Inserts. | Cardiac Fitness. It Calculates, 
Reduce the risk of painful injury | Measures And Displays Your Pulse. 
everytime you run, jogor walk. Just | The PulseTach fingertip heart computer accu- 
Sip hese amaang inserts into your | rately records what your pulse is doing to in- 
favorite running shoes and youll | sure that you get maximum beret from exer 
teel ike youre running onic These | cise without damage from over-exer 
(| revolutionary unique-designed in- | ton. Ifs actually a micro-computer that 
seris are constructed ofsturdysor- | fits on your finger Weighs only — — 
bothane and layered with cushion | an ounce and can be wom dur 
channels and air ducts. Theinserts | ing most exercises. An LCD 
support your sole and heel on a 
ayer of compressed air, virtually eliminating stress and shock 
‘0 your heels, ankles and knees. Per Pair $17.95 
Womens: 6-7 N31,663; 7¥-8¥s N31,664 
Mens: 834-9 N31,665; 914-101. N31, 666; 11-12 N31,667 
Add $2.50 for postage and handli 
No Risk Guarantee! It you are not completely satisfied with your [ir return the merchandise in its 
original package and we will cheerfully refund your money in ful. We back our products! Our 30 day 
‘unconditional guarantee means you take no risk on any product you buy from us. 


2 Edmund Scientific Co. 


Dept. 2102, Edscorp Bldg., Barrington, NJ 08007 


faster and faster illustrating the basic prin- 
ciple of solar heating. When light sinkes the 
vanes it transfers heat, and the vanes begin. 
to move. Works from direct sunlight or ar 
tificial light. An attractive “conversation 
plece. far your nome, Ad $2 50 postage c 
and handling Reg. $6.95 N60,082 $4. 


Build Your Own 2000° Solar Furnace With This 
Fresnel Lens Aad Harness The ‘Sun's Rays! 
SYR Yorlteabetouse his re 
^. cision lens as a solar cooker 
tor heating food, asa kin for 
pottery -and even to melt 
2A metal or tor other solar ex 
) periments” Lens has an 8⁄4” 11. 50 ines 
per inch, measures 10x10" 4" thick 
Unmounted lens comes with 16 page 
book, “Fun With Fresne! Lens” Instructons 
included on how to build the 360° stand 
and frame shown. N70,833 $15.95 
‘Aid $2 50 for postage and handing 


By 


x 


1 1 
j N 
UA 
display shows your pulse, an—! — ~ 

audio beeper lets you isten to your heartbeat rhythm. Its aso 
aa quartz one hour stopwatch so you can even time your exer- 
cise program. Comes complete with long-life batteries. 


necklace lanyard and instructions 
Add $2.50 for postage and handing. 


(33,548 $39.95 


Of darkroom chemicals, table fountains, model watertali. water fitaton and moe. ^ 
Can be used in either direction and is self priming. Operates on 2 flashlight batteries 
(not incl), runs up to 48 hours before battery change is required. 4" tube incl 


sS 


Add $2 50 for postage and handing. — = N50,345 $6.95 
Electronic Keyfinder Will -= EC A Genuine Used "GI" Blanket. 
Locate Your Missing Keys. ..- £—— Here are original U.S. Army surplus 
Frustrated because your keys .— xr wool blankets that wil keep you warm 
fs arent where you ZCC V at night, separate you from the ground. 
T on picnics. fight away the chill at foot 
ball games or be pressed into service during any emergency 


{60"x84" U.S. printed in middle. In good to excellent condition. 
N34,861 $17.95 


Thought they were? Now. just clap 
your hands and the Beep Keep wil 
answer back with an electronic 
chirp from the keychain - even i 
Tneyre in a drawer. in a pocket 
or under papers. Powered by two 
| button battenes, included. A great 
| ot especially for anyone with 
prankish children 

Reg. $14.95 N35,553 $12.95 
Ad S2 S0lrpostageand handing 


You'd Almost Think Our Whistle Was The Siren. 


Wail Heard From A Police Ca 

This superb whistle 

produces a loud. 

siren-type wizang 
mosse from a deicate. 
balanced mechanism crafted by skiled Bish whistle makers. 
The 7” extended bell piece gives extra amplification, Great at 
sporting events. for bike riders ~ anyone on the mon 

Add $2 50 for postage and handing =  N35.988 $24.95 


Nostalgic Miner's Lantern 
‘Will Brighten Your Night. 

This true authentic reproduction of a 
coal miners lantern of a bygone era 
will add charm to your study or den. 
Handcrafted in soi brass, the carbide 
lantern and 4 reflector produces an in- 
credibly bright light. Starts easily with 
the strike of a fint, uses carbide fuel (comes with a 2 Ib. uel 
Supply) Measures 512" tall 

Add S2 50 for postage and handing 


SEND TODAY FOR FREE 
NEW 60 PAGE CATALOG 
OVER 1,200 PRODUCTS 
Thousands o exclusive, unique and ex 
ng values, Sometnng educatond, 
fasanan and ver Sey hobby 
Gadgeteer, student and educator. 


N34,744 $24.95 


ORDER BY PHONE 
Call (609) 573-6250 


Use VISA, MasterCard, Diners Club, Amer. Exp. 
or Carte Blanche. Call anytime, 24 hours a day. 
Most orders shipped within 48 hours. 


some have been repaired 
Add $2 50 for postage and handing. 


Australian Aboriginal Boomerang. 
It Actually Flies Back To You. 
After a few hours practice with this authentic 
boomerang, you'l amaze yoursel — and your 
friends — with its mysterious ability to reverse [ġa 
Girection in md-fight and return to you. Hand 
painted on wood with colorful designs, 1 ft 
Directions included N35,845 59.95 
l Add $250 fr postage and handing 


g 40X Magnifie ‘Microscope 
For Examining Stamps, Coins, etc. 
Measures only Sx oct" and has a bult- — / 
| inlightsource and optics to letyou examine 
objects 40 times actual size. Features a 
center focus whee! for precise one-hand 
operation. Uses 2 "AK batteries (not inc.) 
N35,001 $7.95 
Add $2.50 for postage and handing © 4277 


| EDMUND SCIENTIFIC CO., Dept. 2102 | 
| Edscorp Bldg., Barrington, NJ 08007 i 
| Merece onela STOCK! i 
| UMG VISA i 
| CAm Ep. Diners — | 
So 7 ! 
— i 

Gard Number i 
poe Free TOTAL PRICE_ 
60 PAGE Add Shipping Charges. ! 
CATALOG — ,,, ada on Sales Tan. ! 

Té Encoaed 

i 

Signature 5) 
i i 
! Name___ - - UEM. 
i i 
a f 
i i 
i i 


MARCH 1986. |.129 


No doubt about it. . . as a small engine 
pror you can cash in on the huge de- 
mand for qualified men in one of Amer- BP 
ica's fastest growing industries. You'll x." 5 
be able to command top hourly rates of from ^ 
$25.00 to $30.00 per hour — and that's just 
for labor. 

Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 

That's the official count from the Engine Service Assn., and 
one-million new engines are being built each month. With 
Foley-Belsaw training. you can soon have the skill and 
knowledge to make top money servicing these engines. 


Professional Tools and Equipment PLUS 4h Engine 
AI YOURS TO KEEP... Al at No Extra Cost. 

NO EXPERIENCE NECESSARY! 
You don't need to be a 'born mechanic’ or have any prior 
experience. Lessons are fully illustrated... so clear you 
can't go wrong, and with our famous 'learn-by-doing 
method you get practical ‘hands-on’ experience. 


50865 Fie 
City, Mo. 64111 


Y the FREE bookie hat gives fu ae 
‘wn business m Smal Engine Repair 


! ish yes please. 
| fas about starting m 
| i : 


| NAME 
f ADDRESS. 
Voy 


EASY-TO-ASSEMBLE-KITS 
In Stock for Immed. Shipping or Pick-up. 
LIC d 

(hts. 8 112" to 89v) 


Comparable savings on diams. from 4’ to 7" 
Kits available to fit any floor-to-floor hts. 


Pomona, CA 
(714) 598-5766 
Sarasota, FL 
(813) 923-1479 
Houston, TX 
(713) 789-0648 
Chicago, IL 
(312) 952-9010 


© The Iron Shop 1977, '82 


People who've looked everywhere tell us there 
isn’t another spiral stair around that touches 
our combination of price and quality of mate- 
rials and workmanship. We believe it! 

CALL OR WRITE FOR FREE BROCHURE: 


Broomoll, Po 19008. Our Tel: (215) 544-7100. | 
| 
| Nome 


| Street 


THE IRON SHOP 


NUFACTURER 


How (O IID 


GOLD NUGGETS 


Finding gold nuggets or coins is now made easy with 
a new patented gold finding detector. Before with 
other detectors it was virtually impossible because 
of interference from black sand. This new detector 
is unaffected by black sand and can detect pinhead 
size gold nuggets at great range. Its maximum range 
is 17 feet. Free catalog. 


GARDINER ELECTRONICS 


Dept. 49 » 4729 N. 7th Ave. * Phoenix, AZ 85013 


Portable Bandsaw Mill 
One Man Operation 


Inds, IN 46224 
(817) 271-1542 


360 TWO STORY HOMES — Tudors. Salt mbreis. Mansards. Georgians. 
!& Also Contemporaries. For all budgets. 288 pages $6 9 


An exciting portfolio of America's popular home 
designs specially edited by category. Order 
either the delightfully illustrated plan book of 
your favorite house category. or the Complete 
Collection. Your satisfaction guaranteed. 


150 1'v STORY HOMES 
5 | Low budget & country 


210 ONE STORY HOMES OVER 2000 S. Ft. — Al po 


Tudor. French, et. For modest to country-estate budgets, 182 pages $4.9 


315 ONE STORY HOMES UNDER 2000 Se, FL. — m & restricted bud. 
| gets. Delight plans. 192 pages $4.95] 


y fiat & hillside sites 


$4. 


Mail HOME PLANNERS, IN 
T Dept. Bk - 23761 Research Drive. 
oday Farmington Hills, Michigan 48024 
l 4 360 Two Story Homes © $6.95 
150 1': Story Homes @ $3.95 


210 One Story Homes Over 2000 Sq. Ft. @ $4.95 


les, hex or summer and winte 

aping 2 10 22 
ALL SIX CATEGORIES — only $19.95. Get each of the six out 
standing plan books. Over 1250 designs. 4050 illustrations. 1168 
pages. A $30.70 value, save $10.75. Blueprints available for each de- 
sign at low cost. Start your home planning program now. 
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eats 
Stale D 


ter 
pages. 120 in fuí cor BA 95 


2 

3 

4 315 One Story Homes Under 2000 Sa. Ft. @ $4.95 
5 215 Multi-Level Homes @ $4.95 

Ó 223 Vacation Homes @ $4.95 

rd 

N 


Complete Collection © $19.95 (Saving $10.75) 


Weekend Warrior 
Walk-Abouts 


100% AMERICAN-MADE BY CHIPPEWA® 


ONLY 


Sport this traditional Chukka classic 
and go anywhere in soft, supple, ultra 
lightweight comfort. Features include 
cushioned collar, water repellent genuine 
leather, cushion insole and outsole for 
built-in comfort. Russett Brown. Style 
#26113. Sizes: B (9-12, 13); C (9-12); 

D (7-12, 13); E (8-12); EE (8-11). 

Send M.O. or Visa/MasterCard number 
and expire date. Specify style number and 
size. Add $3.00 shipping and handling per 
order. MO residents add 5.22596 sales tax. 
TX residents add 5.57596 sales tax. Money 
back guarantee! Mail to WALKER'S DEPOT, 
P.O. Box 457, Purdy, MO. 65734-0457. 

Or call 1-800-245-9000. 


CHIPPEWA SHOES, 
The Original. Since 1901. 


Call 1-800-533-5545 today and... 


8 Ton Electric, 110 volt, 1110..$459.00 
12 Ton Splitter, $1125x............$689.00 
16 Ton Model, $1134» ............$789.00 
24 Ton, Low Profile, #1142 ...$1 329.00 


* Comes with 2-stage pumps, heavy duty slides 
& beams and large oil tanks. 


Gas Engines 
Always the Lowest Prices 


Warranty! 
Gas 
Engines 


5 Hp. Briggs, %" shaft, #605: 

8 Hp. Tecumseh, cast iron sleeve, 6081.$192.95 
8 Hp. Brigg: 

10 Hp. Tecumseh, cast iron sieeve, 6010 $232.95 


Vertical 


INC: 


801 East Cliff Road, Box 1219, Burnsville, Mn 


In Mn call 612-894-8310 
In Mpis. Metro Area Call 894-0326 


Sale Expires Phone Orders 


SUPER LOW DISCOUNT PRICES! 1216 


CE cs 


On These Name Brand Parts, Tools & Equipment! 


Log Splitter Parts 
11 Gpm2 Stage Pump, #1012. 
13 Gpm 2 Stage Pump, #1053. 
16 Gpm 2 Stage Pump, #1056. 
22 Gpm 2 Stage Pump, #101 
Standard 4-Way Control Valve, #2010 $46.50 
Auto Detent Valve, #2021 . 
4x24x2" Welded Cyl., #902424. 
5x24x2" Tie Rod Cyl., 4909524. $422.00 


Heavy Duty Log Splitters ff | Much Morein Stock at Low Discount Prices! l| 1000 watt, welec start. Lists1143. tem» 16403 


Utility Trailer Kit? 

Complete road ready kit. Easy assembly with basic 

tools. Load capacity 1060 Ibs. Bed size 40" x 48" 

Includes fenders. List $279.00. Items 12542 
(will ship 48 states for $30.00) 

Large 4' x 8 Fold-up 


Trailer Parts 
High speed hub & spindle set, 2000 Ib. capacity. 4” 
Horizontal EIO bolt circle, 4 hole, 2 hubs & 2 spindles, dust caps, 
5Hp. Tecumseh %" shaft, #6051 5 tapered bearings, lug bolts & cotter pins $37.50/set 


High speed trailer wheels & tires. Fits all 4 hole boat 
& snowmobile trailers. 


Items 
10Hp. Tecumseh, elec. start, #60101...$289.95 B | 121; 
3-20Hp. Horizontal Vertical engines available at B | 1545 


Trailer springs, 134" wide w/eye center of 25'4" 
8 Hp. Tecumseh, cast iron sleeve, 7082 $198.95 Items 
10 Hp. Tecumseh, cast iron sleeve, 7010 $221.95 1250 
3-23 hp. horizontal & vertical engines available at 1251 


l Northern 


55337 


Call our order dept. at 1-800-533-5545 


Monday-Thursday 8am-8:30pm 
March 31 Fridays 8am-6pm, Saturdays 8am-5pm 


1986 We Ship UPS, Bus or Truck 


480x8 4 590 Ibs. $23.95 $15.95 
570x8 4 715 \bs.$33.95 $24.95 
480x12 


Don't Be Without Power 


Ideal for home- 
owners, farmers 
contractors & 
vacationers. 

1 Year Warranty 


Generators 
4000 Watt, 8 Hp. Briggs. 33 amps w 120 V. 166 
amps @ 240 volts. List $1009.00, Item* 16402 


$485.00 
5000 Watt, 11 Hp. Briggs. 42 amps i» 120 V. 21 
amps @ 240 volts. List $1174 00. Item 16404 

$599.00 
5000 Watt, w/elec. start, List $1299. Item# 16405 

$699.00 


(1 Year Warranty on Above Generators) 


Air Compressors | 7; 
SANBORN Single Stage ia IS 1 
5 Hp., 60 gallon vertical, 2 cylinder $i * 


single stage 2 7 Cim @ 40 Psi, 106 
Cim @ 90 Psi List $1160.00 


items 159545... $497 .0O 


IMC Two Stage 

5 Hp., 2-stage. 60 gallon vertical. 

17 3Cfm @ 100 Psi, 13.39Ctm@ 175 
Psi A Real Bargain. List$1202.00 } 


tems 15975.... $879.00 Y 


(Compressors shipped truck freight collect) 
We carry a wide selection of compressors & air 
tools at Super Low Discount Prices! Act Today! 


$136.95 


Size Ply Cap. Sale tire only Homelite 
» 

2" Pump 
This pump is equipped with abrasive and chemical 
resistant seals. Ideal for clear water, chemical fert- 
ilizers or chemical transter. Uses 2" suction. Pumps 


4  7801bs.$39.905 $24.95 


Capacity Springs Leafs Sale 
Toma "2" "2^ azzcome || totnm at core ane ri 
2000 Ibs 2 3 24.00/pr. à 4 (^el A 

3000 Ibs. 2 3 27.00/pr. permanent installation. List $329.95, Sh Wt. 37 Ibs. 


ing Set Shackle. Item? 1255. $10.00/pr. tem 10996 


Order Toll Free 1-800-533-5545 
' Send for a Free catalog or include $6.00 and receive your 


1 catalog and a Splitter Design Booklet. a 
NAA ae To: 

Northern 5 a 
Hydraulics ame a 
801 East Cliff Rd. Address 
Box 1219 [| 
Burnsville,Mn City 
55337 a 
Depts 13936 State Zip. " 


Please Rush Me My FREE Discount Catalog! 
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Geodesic Home 


Kits. 


Beautiful, Efficient, 
Affordable. 


Monterey Domes sells home kits for less than 
many new home down payments. Completely 
affordable...remarkably beautiful...our homes are 
designed for a lifetime of savings. 

The most energy efficient homes on earth...up 
to 50%, more than everyday homes. In addition 
construction costs are cut dra ically using our 
patented building system...(our 1813 sq. ft 
house package is just $15,660!) 

Discover all the rewards of Monterey 
Domes living with our 100 page Color 
Catalog and Plans Book. ORDER TODAY 
for just $6.00. Unconditionally Guaranteed 
or your Money Back! 


O Please rush my 100 page copy of Monterey Domes 
Catalog and Plans Book. Enclosed is $6.00. 

D Also please send me the Monterey Domes Basic 
Dome Assembly Manual for an additional $5.00. 


EARN UP TO $20 AN HOUR 
IN YOUR OWN BUSINESS 


30-DAY FREE TRIAL OFFER 


You risk nothing by accepting this offer to see how easily you can 


Brand 
New 
115-VAC 
Variable 
Speed 
Heater/Blower 


$18. 95 add $2.50 shipping. 


* ITEM 16-990 - - 150/1500-watt heating coil 
on discharge. 5000-BTU/HR. (max.). Run fan with 
or without heat. Includes variable speed control. 


ITEM 7-1023 


add $3 shpg. $12.99 


SEND FOR FREE CATALOG 


S SURPLUS CENTER—800-228-3407 


BURDEN 
1000 West"O"' « 82209-PS * Lincoln, NE 68501 


turn your spare time into BIG CASH PROFITS with your own Com 
plete Sharpening Shop No selling... no previous experience 
needed. Our famous Belsaw Sharp-All and show-how instruction 
sel you up to make $200. $500. $700 a month CASH sharpening 
Saws. Knives, Scissors. Lawn mowers, Shop and Garden Tools 

all cutting edges. Send for all the facts! Our FREE Book tells how to 
start a profitable, lifetime home sharpening business, how we help 


you grow. how we finance you 
NO OBLIGATION 


It coupon has been removed, 
just send us a postcard with 
your name and address 10 


BELSAW MACHINERY 

PT. 60600 

P.0. BOX 34620 

N. KANSAS CITY, MO. 64116 


SECURITY 


BELSAW MACHINERY, DEPT. 60600 
P.O. BOX 34620. N. KANSAS CITY. MO. 64116 


Name. 
Address. 
City/State/Zip 
Send to: MONTEREY DOMES 
Dept. AR-3 


1760 Chicago Ave. 
Riverside, Calif. 92517 
MONTEREY DOMES. 714-684-2601 


a ee ee ee 


t= --— a 


I Make a 
Leather 


Worth 
F $15.00 or 
more completed 


Learn about 
leathercraft as 
you complete 
these handsome, 
pre-embossed 
leather kits. Just 
stain the 1*2" belt 
and buckle. 


Stores. (TX residents ad Sv sales tx.) 


'aluable Coupon— Clip and Mail Today 4 


YES. please send me the FREE Book that gives details on 
LIFETIME SECURITY. 


ME ems 


‘seaping, gardening, hauling! 


CATALOG of 
made" Mini-Dorer 
$100 


STRUCK KIT 
Dept: PS360 
CEDARBURG, Wi 52012 i 


Satellite TV 
Buyer's 


The new SATMAN Buyer's Guide is a necessity for 
any homeowner who wants to learn more about affor 
dable, legal, and value packed 100 channel sa v 
Ir's better value than Cable TV, a VCR, or going to 
the movies. Buy direct, Do-It-Yourself and save with 
SATMAN. GUARANTEED LOWEST PRICES ON 


ry 


— SMALL ENGINES 
a] GENERATORS 


FREE CATALOG 


DISCOUNT PRICES 
SMALL ENGINE CITY 


ALL MAJOR BRANDS. CALL NOW FOR YOUR 
FREE 24 PAGE BUYER'S GUIDE 


1-800-4-SATMAN 


CHECK IT OUT! 


There are more opportunities, 
products and services offered in 
the “Classified Opportunity Mart," 
immediately following this section. 
You may find just what you've 
been looking for 


Big opportunities. Big pro 
fits. Eam quickly. Full or 
part time Lear at home 
it's easy. Do real jobs: All 
Tools — Materials Sup- 
plied. State of NJ Approv 
ed Send Name and address 
for FREE book 
salesman will call 


No 


Locksmithing Institute, Dept. 111-036 
1500 Cardinal Drive 


LEARN TV/VCR 
REPAIR 


No Previous 
Experience 
4 Necessary 


Little Falls. NJ. 07424 


N Ow you can train at home in spare time for a mon- 
ey-making career as a TV/VCR Repair Specialist. 
No need to quit your job or school. We show you how 
to troubleshoot and repair videocassette recorders and 
TV sets, how to handle house calls and shop repairs for 
almost any make of television or VCR. You learn about 
ray emission, the 
characteristics of sound, how electrical impulses are con- 
verted into a TV picture, and much, much more. Tools 
are included with your course so you can get "hands-on" 
practice as you follow the lessons step by step. Send for 
free facts about opportunities in TV/VCR Repair and 
find out how you can start making money in this 
great career, a 
Experts show you what to do, howto 3 
do it...guide you every step of the way! 
Everything is explained in easy-to-understand language 
with plenty of drawings, photos and diagrams. But if 
there is ever anything in your lessons you don't under- 
stand, you can write or phone your instructor and you 
can count on getting an authoritative answer. Send for 
free facts and color brochure. No cost. No obligation, 
No salesman will visit you. MAIL COUPON TODAY! 


SCHOOL OF TV/VCR REPAIR, Dept. PCO26 
n] Scranton, Pennsylvania 18515 


Please send me free facts on how I can learn TV/VCR | 
Repair at home in my spare time, No salesman vil visit, | 


Age 


1-309-692-9582 Illinois 


Name, 


Address 


Suung e Proma. 
= = = = = Call Now! = = = 
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City/State/Zip 


rp--------- 


itboard 
dom 


* For virtually all 


POPULAR SCIENCE BOOKS 
Box motors (foreign 
ti 


2018, atari Mtt it 


Dole 
Tilt Kit 


tic) 
Pleaserush —  copy(ies) of SMALL GAS 
ENGINES (No. 113) to me. 


C1! enclose $15.95, plus $2.39 to cover delivery and 


i 
i 

| 

H 

H * Easy hand control from the 
| handing charges. for each copy ordered. 

1 

! la 

i 

i 

] 

i 

i 

1 

1 

1 

i 


C Bili me later for $15.95, plus $2.39t0 cover delivery and drivers seat 


i 
H 
i 
i 
i 
! 
handling charges, for each copy ordered. Also Available 
1 
i 
i 
1 
i 
j 
H 
i 
i 


product 
From Dol DOLE TRIM N TILT KITS 
TO ORDER OR FOR FREE INFORMATION 
1 800 245-0357 7 a.m. to 5:30 p.m. CST 
In KS call collect 1-316-663-8361 

Please Send Kits @ $149.95 Check enclosed (We pay shipping) 
— — Please send Kits @ $149.95 C.O.D. (You pay shipping) 
Please send literature about Dole Tilt and Dole Trim-N-Tilt Kits 


Res: of AZ. CA. CO. FL, GA. IL. MI. NY. OH: PA. SC. VA. VE Wi add sales tax) 


State. Zip. 


Get increased 


performance from 


all your Small Gas 
Engines! 


FREE 


Keep all your small gas engine machines 
working perfectly for years— you'll find out 
how with the help in this book. This great 
guide, with nearly 300 giant-size pages 
packed with solid how-to information, is 
yours to read and use for 10 days without 
charge. 

You'll be able to fix your broken rotary 
power mower right on the spot. ..give your 
well-worn chain saw amazing new zip . 
keep your snow blower in mint condition 
season after season. 

Learn how to service the ignition and 
starting systems, the fuel system and car- 
buretor. How to do expert lubrication inside 
and out. How to dismantle the cylinder 
housing. Even how to completely overhaul 
and reassemble your engine. 

You can do it all — even without experi- 
ence — because this book simplifies all the 
functions, parts and systems of every small 
gas engine you're ever likely to own. Valu- 
able troubleshooting facts that pinpoint 
exactly whats wrong and what to do about 
it. Clear, detailed text and over 400 draw- 
ings, assembly diagrams, repair illus- 
trations. 

Nows your 
chance to find out 
about small gas 
engine care, re- 
pair and mainte- 
nance. Take a 
look at this book 
for 10 days free. 
Simply mail in the 
above coupon to 


get your copy ONLY 


right away. 


$4595 


POPULAR SCIENCE BOOKS 
Box 2018, Latham, N.Y. 12111 


DOLE KITS MFG. & DIST. BY 


Name 


ARROW MACHINE INC. 


Address 


P. O. BOX 1987 PS 


HUTCHINSON, KS 67504-1987 City 


Now You Can Build This Full Size 


OAK ROLL TOP DESK 


And Many Other Top — Products From Pre-Cut 


Pulldown tambor. 
comes completely 
assembled 


You can complement your 
desk with matching 2 or 3 drawer 
oak file cabinets or stacking oak barrister's bookshelves, 
all from Craftsman's Corner's pre-cut kits. Add the final 

touch with a pre-assembled, ready-to-finish, 
solid oak swivel chair! 


Craftsman's Corner quality hardwood 
kits are designed for every room 
in the house and include tables, 
chairs, clocks, music boxes, dry 
sinks, hutches, dressers, chests 
and many more. Each kit con- 
tains all wood parts, complete 
hardware, and detailed assembly 
instructions... and because 
you build them the savings are terrific. 
Craftsman's Corner's 
easy-to-assemble kits let 
your dreams come true. 


No special tools needed. 


I understand I am under no obligation. 


FREE Full Color Catalog 


es] 
Yes, please send my free Craftsman's Corner color catalog. 


Hardwood Kits. 


With only a minimum of wood- 
working skill, you can build this 


full size authentic roll top at 


extraordinary savings. Complete 


kit includes all pre-cut wood 
parts, hardware, and easy 


instructions. When finished, you'll 
possess a magnificent showpiece 


for your home or office. 


State. ip. 


| city 


CRAFTSMANS CORNER, Dept. OPW 


TES YUU GAN! 


— make $18.00 to $30.00 an hour! 
— work full time or part time, right at home. 


— operate a CASH business where 90€ of every 
dollar is CASH PROFIT! 


you the details on being your 
with a Foley-Belsaw Full-service 
Saw and Tool Sharpening Shop. 

YES YOU CAN have independence and 
make good mon 
NOW to get you 
Security Fa 
Mail the 
coupon below. 


20221 Field Bldg. 

Kansas City, MO 64111 "MS 

[O YES, | want to know more! Please rush my 
FREE Lifetime Security Fact Kit. 


Name 


Address 


SOLAR SPI 


forma 


your 
system and tell you when to use the solar heated water. A 
colorful light bar thermometer, graduated in yellow, orange 
and red LED lights, indicates the increasing temperature of 
ir Solar storage, and you can set itto begin blinking when 

it reaches a certain temperature! 


The complete kit contains the beautiful walnutiramed 
"SOLAR SPY" display, a sturdy temperature sensor and a low- 
voltage plug-in transformer. Installation is simple, requiring 
only low-voltage wiring. FULL 5-YEAR WARRANTY! 
Send your cashier's check or money order for only $69, 
plus $3 for handling and shipping. California residents add 
sales tax. 


PYRAMID CONTROLS 

421-16 N. Buchanan Circle * Pacheco, CA 94553 
(415) 827-0160 

Full line of solar controls 
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...can now be duplicated at home! 


You deserve the best. Now you can have it. 

Cross country skiing is rated the number one cardiovascular 
and muscle toning exercise in the world. It's better than running. 
Better than exercise cycles, or rowing machines. Even better than 
swimming! 

The unique design of Fit 1 duplicates cross country skiing. It 


firms and tones every major muscle group in your body. And it 
gives you the best cardiovascular workout available. 


Fit 1 features variable resistance settings for arm and leg move- 
ments. It can challenge you no matter what your level of fitness. 
Duplicate the resistance of a casual glide across a flat field... ora 
tough trek through the Rockies. 

The electronic console provides immediate feedback on your 
heart rate, speed, distance traveled and elapsed time. Data that 
guarantees youre getting the maximum cardiovascular workout 
in the minimum amount of time. 

Fit 1 can get you in the best shape of your life. All on one simple 
machine. 


To learn more on how you can enjoy the number one fitness 
exercise in your home, call anytime for our free brochure. 


EFit 7T 


for those who demand the best 
1400 Raff Rd. SW « Canton, Ohio 44750 


1-800-453-1212 


Ask for operator 49 


Top Quality, Name Brand Merchandise at mi dr Low Prices! 


Garden 
Cart 


Accomplish more in less 

time, less effort with this 

handy Garden Cart. 

© Heavy-duty steel front 

support system. e250 

lbs. cop. # 1/2" exterior grade 

plywood, weather-proofed. € 16" x 1.75 

semi-pneumatic tires. 2 sets of double steel bearings in 
each wheel. 9 Rust-proofed, metal parts. 9 Axle placement & 
wheel design assure perfect bolance. € Assembly required. 


9 8 8 Compare at 


$95.00 
Order No. 264-1768. 
Power Generator _ 


Shipping & Handling: $12.00 


Now have electrical 
power anywhere,anytime! 
This power generator 
features: eB HP Briggs & 
Stratton engine. € 1-120 
V duplex & 1-240 V duplex receptacles, 36.7/18.3 omps 
©5000 watts surge, 4400 watts continuous power. e Magne- 
tron? solid-state ignition, € NEW rotary field design means 
no brushes to replace, ever! e Service centers nationwide. 
© Assembled in U.S. € Dimensions: 25°L x 1744"W x IZ" H. 
* Wi: 116 lbs. © Full 1 Year Parts Replacement Warranty! 


5424 


Send $1.00 for the latest Money-Saving 
Catalog from Wholesale America! 
Includes unbelievably LOW, LOW prices 
on power tools, hardware & housewares! 


Compare at over $1000.00 


Order No. 240-1018 
Shipped Frt. Collect 


@ HITACHI 
6%" Cordless 
Circular 


Saw 
w/ Charger 


ex 


Take it anywhere -it's lightweight & cordless! 
Powerful, magnetic motor, 3200 RPM. e Max. 
cutting depth - 2-1/8". e Safety switch lock. & Au- 
tomatic blade broke. e Rip fence guide. e 1-614" 
corbide tipped saw blode. #2 blode-change 
wrenches. € Charger. € Battery pack - B-12, 
Charger: 

input - single phase, 120V AC, 60 Hz.® Charging 
time - 100 min. € Output - 12V DC. e Wi: 37 Ibs. 


5119 E: 


$189.88 
Order No. 241-5033 
Ship./Hond.: $9.00 

TO PLACE AN ORDER pleose type or print cleorly 
(on sheet of clean poper) the nome & order number of 
the item along with your nome & address. Enclose o 
check or money order payable to Wholesale Ameri- 
ca, Inc. (be sure to odd ship./hond. charges). You con 
also charge to MosterCord or VISA. Print the act. no. 
& expirotion date ond sign your nome. Allow 1-2 wks. 
for delivery. Add 2-3 wks. for cleoring of personal 
checks 


Send your orders to: 


dee ¥ Genuine TORO 
, Lawn Mower 
A 
gines that run out of gost 
You'll love this lightweight (only 35 


Ibs.), easy-to-maneuver, super efficient, elec- 
tric TORO mower/trimmer. It cuts o 20" swath. No bag- 


Stop sweating and fuss- 
ing over heovyweight 


ging! Safety shutoff handle. Hondle folds easily for storing. 
HURRY! Quantities are Limited! 
Mfg. List: $229.95 


Order No. 270-9008 
Shipping & Handling: 


588 


Ear 6000 Watt 


START 
Power Generator 
Never be without electrical , 
power again! Features: eB 
HP Briggs & Stratton en 
gine. ©2-120V & 2-240V out- | 
lets, 35/17.5 amps. ©6000 
wotts surge, 4250 watts con- 
tinuous power. 9 Service centers na: == 
tionwide. € Made in U.S. € Measures: 
27"L x 19"W x 19"H. e Wt: 158 Ibs.e Full 1 Yr. 
Parts Replacement Warranty! 


$ 499 Compare at over $1200.00 


Order No. 240-1034 
8000 Watt Generator with 16 HP Brigos à a §$ 


Shipped Frt. Collect 
e 999 


12.00 


4777 Menard Drive, Eau Claire, WI 54703 
For credit cord orders or more information call: 


1-715-874-5000 mmm 


bo 


10 DAY NO HASSLE GUARANTEE 
If you're not completely satisfied with your purchase, return 
it (prepaid) within 10 days for a FULL CASH REFUND (less 
shipping & handling). Returned product must be in original 
x and original condition 


DO-IT 
YOURSELF KITS 
BUILD YOUR OWN GRANDFATHER CLOCK 


(including movement and dial) | | 
* Do-it-yourselt case 

kit, parts pre-cut 

Finished clocks 

Solid 3/4" hard- 
woods: black 
walnut, cherry, oak 

e Heirloom quality 

e Factory direct prices 

*Solid brass West 
German chiming 
movements 

* Money back 
guaranties 

‘Prompt shipment 

*No woodworking 
experience 
necessary 


WRITE FOR 
FREE COLOR 
CATALOG 
OR 


EMPER! 


z CLOCK COMPA 


WORLD'S LARGEST MANUFACTURER 
OF GRANDFATHER CLOCKS 
Dept 1825. Emperor Industrial Park 
Fairhope, Alabama 36532 e Phone 1-205-928-2316 
lam interested in. Do-It-Yourself Kits 
O Finished Clocks 


Name 
Street 
City 


State Zip 


(please print) 


“My son " (age 12) and | put it together i in 12 hours 
Super Tyke 


grajna 
Hauler 


* Bucket seat or * 500 Ibs. payload, 
optional bench seal. 800 Ibs. capacity. 

@ Reverse gear on * Dump box or 
STX Models. optional flatbed. 


‘Save $200 to $1000 when you build it yourself! Choose 
from 20 ORV models. Easy to assemble. Thousands 
from ages 8 to 80 have — using big 22°x34” chart, 


E CARL HEALD INC. 


123 Mel Fol 
* Sunrise Beach, MO! 


Super Bronc 3 


* Choice: solid axle or 

* 14 ton payload on differential for 
3-or4-wheel models. easier handling. 

* Conventional steering € Automatic transmission 

wheel. -= no shifting! 


common tools. Or see your Carl Heald dealer for 
assembled kits. Call or write for yours today. 


DeptOMQ.PO.Box1148 — CALL 1-800/253-1030 
Benton Harbor, MI 49022-1148 — in MI 616/849-3400 


ONE-MAN Sawm 


The Only ONE-MAN 
PORTABLE SAWMILL 
Of Its Kind In The World 


Don't let inflated lumber prices stop your important building 
projects. The Sawmill goes right to the trees and turns out 
smooth, true-cut lumber 

sults. Just one man (no crew needed) can easily cut enough 
on weekends to save hundreds of dollars over high lum- 


beryard prices. Use as little as 25 horsepower. Factory-direct | 


selling keeps price low, and convenient time payments may 
be arranged. 

Rush coupon today for Free Booklet "How To Saw 
Lumby 


ie belaan Co Re Fa Bp karans Cay uper È 
Please send Free Bookles m full details. No obligatio 
and no salesman is to call. esse rron 


Iname 


1 
TAddress. 
City-State 


Zip 


even beginners get excellent re- | 


Build a Custom House 
at Savings up to 40% 


New factory-made "kits" offer you top-notch houses of Ù 

| [| every size and type, including log and dome houses. Or | 
have one custom-made from your plans! Get the Com- 

I plete Guide to Factory-Made Houses by A M. Watkins, | 

| [ Here is all about factory-made houses and how to build | 
| p a custom model fast with no hassles. It also cites 250 

I top U.S. makers. 184 pages; many photos, plans. Monev- | 

] Bock guarantee. Only S898: FREE with every order New | 


Report Ee Your Own House" 
Bullding Institute, 


PA 
a River Road, Piermont, N.Y. T0968 


Bopular Science 


Box 2027, Latham, NY. 12111 


dexes 


28 Ways to Help 
You Qualify for 
the Job You Want 


Free Facts about Career 
Diplomas and Degrees 
Now at home in your spare 
time, without any previous 
experience, you can train 
for a money-making career 
..even get a Specialized 
Associate Degree. Call or — 
send for free information on the career field that 


Planer Mower odW 


Power TOO LS 


Feed 


Enclosed i 
[T84 r783 [182 [181 180179 

178 0177 [176 175 (174 C173 [172 

($1 75 each) MAI 13 indexes (1972-1984) tor $13 [Five indexes $5 


total of 


{check or money order) Plaase send, 


Address. 


Cay, 


H H 
| 1 
! I 
I I 
! | 
| 
Name. 
! | 
I I 
! I 
I I 
! I 
L | 


“YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


Nothing is more frustrating than trying to 
find that article on the new super-smart cars 
or satellite TV antennas, or locating any 
other informative article or item that ap- 
peared in POPULAR SCIENCE in 1984. 
That's why you'll want a handy 1984 Popu- 
LAR SCIENCE Index. And to help you make 
use of your older magazines, or to find a 
PS reference quickly at the library, complete 
your set of indexes, still available from 1972 
to date. Fill out the order form above or a 
larger sheet and send with check or money 
R MP a 


ilar, 


interests you most and how to train for it. | 


^| | [STR 1-800-228-5300. 
à TOLL fh 0, M. 
FREE 


hours a day. 7 days a week No cost. No obligation. 3 
Now you can use this ONE power-feed shop t 


No salesman will visit 

= — OR MAIL COUPON TODAY = — 
rough lumber into moldings, trim, flooring, furniture 
—ALL popular patterns. RIP-PLANE-MOLD sepa- 


international Correspondence Schools 
Dept.PCS26, Scranton, PA 18515 

rately or all at once with a single motor. Low Cost 

. You can own this power tool for only $50 down. 


jree facts on how ! can study at home for the career | 
ioe ‘chosen. No obligation, no salesman will visit. 
Hy SEND FOR 
30-Day FREE Trial! exciting Facts 
NO OBLIGATION-NO SALESMAN WILL CALL with option in France. 


CHECK ONE BOX ONLY! 
ASSOCIATE IN SPECIALIZED. 
7 
FOLEY-BELSAW CO. E Business Mana E em em 
RUSH COUPON "OLE SEM o. with option m Marketing 
TODAY! eile 7 NK 
Foley. Bel ie Diesel Mechanics. 
ey-Belsaw Co 
90792 Field Bldg. 
Please send me complete facts about. 
O YES PANER- MOLDER SAW and 


C Mechanical Engineering 
Exetroncs 
KANSAS CITY, MO. ét 
ED 
MLI Kansas City, Mo. 64111 
details about 30-day trial offer. 


Electrician 
Microcomputer Repair 
rt 
TL Catering Gourmet Cooki 
Gon Ropar 5 
JMotorcyce Repair 


General Law Enforcement 
Fitness & Nutriton 
[VCR Repair 


Tews — sr 
Wildie-Forestry 
Conservation 
Air Conditioning & 
Refrigeration 

These courses are offered by ICS and Noch Kenia Card 


| Name 

| ADRESS. 
CITY/STATEZIP. 

| phone wo.( — ) 


MAKE THIS SHADE 
FOR LESS 
THAN $75.00 


Send $1.00 for our big catalog of 
stained glass supplies. 


Tiresa cop G9 EE WNTTEMORE, Box 2065DE, HANOVER, MASS. 02339 


Classified Opportunity Mart 


SEATS for VANS & RV’ 


Direct Factory-To-You Outlet 
for FREE CATALOG call 
1-800-562-5200 ext. 321 
Freedman Seating Company 
4043 N. Ravenswood, 

Chicago, IL 60613 — DPS 


AUTOMOBILE AUTO SUPPLIES & EQUIPMENT BOATS, 
PED—CAR CARPETS, tops, uspensionparts | /NBOARD/OUTBOARD MOTORS 
$349.00 | for all cars 1935- 1980. Free catalogue, |  ——-— ——— 
S is Kanter Auto Products, 76P Monroe, Boon- | | BOAT Plans—Patterns—Kits—Hun- 
Y mplete | ton, NJ 07005. dreds of designs—Sailboats—Powerboats 


— Sportfishers—Rowboats—Duckboats— 
Bassboats—Canoes—Hydroplanes—Sim, 
ple construction—Proven results—Tre- 
mendous savings! Gigantic 160-page 


MOTALOY ring valve job while driving 
The New Schmieder PED-CAR Can Be Constructed From guaranteed $10 (00 two $18.00 postpaid. An- 
Paris Availabe at Local Hardware and Bicycle Stores or | dris, Box 34081, Dept. 5. San Francisco 


the Compete Ki Can Be Purchased From Us For $349.00 | CA 94134 catalog $3.00 (84.00 Airmaili—Includes 
tor Complete Plane T Free “Boatbuilding Supplies” catalog 
plete Plans To: INATOR Generator Rebuilding GLEN: Lp Rosecrans, Box 7568P, Bell- 


Schmieder Co.. 332 Ferry Rd.. Doylestown, PA 18901. 


Book, Price: Hedelund Engineering, Box 
26024, Las Vegas, NV 89126 


EMERGENCY ROADSIDE MARKERS 
New inventions! Economical . . . Easier 
Safer than flairs Free information 
WRITE- 


BOAT KITS-PLANS-PATTERNS 
World's Largest Catalog — 200 Designs 
40th year—8 80 —Plywood — Fiberglass 


Like Old Cars? 


WANTED TO BUY 


WANTED: Automobile literature. I buy 
automobile sales brochures, manual: E oor 3711 McKay, Suite 8. Hia Steel = Foweniong = [e m 
Si klaw xm . FL 33609. louseboats — Hydroplanes — Runabouts 

alter Milles, CUM EFODEIEWE PENES Sampe, S| — Duckboats. Canoes, Kayaks — BARA 


‘Subscribe to Hemmings 
‘Motor News, world's larg- 
est old car 

Hemmings has 


pags of ads cach month crammed with thou, [ | peuse, NY DRIVERS, new seatbelt-cutter frees | BOATS — Daysailers — Trailersailers 
fort gant sues Subscribe Bm" i or old KITES stuck seatbelt in emergency. $7.95. Sunbelt. | Multihulls — Supplies — Epoxies — Poly- 
car collectors today. Send to: Box 520448. Salt Lake City. UT 84152. esters — Cloth — Foam — Fastenings — 
Hemmings Motor News Catalog — $3.00 ‘Airmail $5.00! — In- 
Dept. 317, Box Ite. Bennington, VT 05201 cludes free International Design Catalog. 
Pi- 37 ORDER TOLL FREE K I I ES I Lumific: "Aresenoor ‘Amateur Boatbuilding Book 36,00), 
1-800-228-2028 (Ext 137) » CAR Lem opi qualane. Tona- 
(Within Nebraska dial 1-800-642-8300) FREE COLOR CATALOG HOME » Mo 6” P uorescent ute " 
VISA/ MasterCard Only Choose from over 100 kites CAMP.-BOAÍ IN AR HOVERCRAFT 
* Many unusual & innovative designs * SIGNAL—EMERGENCY 

SYSTEM 48 PLUS Call or write for your free catalog today! | LIGHT! AERO-CAR Amazing Hovercraft built 


Chemical engine therapy! Increases com- 
pression and horsepower, gives better gas 
mileage, longer engine lile. Guaranteed! 
$14.50 two $25.00, $1.75 Postage and han- 
dling. A.C. Mayer, PO. Box 957, Plandome 
NY 11030. 


Into The Wind _ (303) 449-5356 
2047-P Broadway, Boulder, CO 80302 


Workin tight spaces! 
$19.95 plus $360 S&H W.O. batt 


RUSE, oes. 36 Birch. Needham ma 02194 


easily with ordinary tools. Lawnmower eng- 
ine powered. Carries one man plus. Flies 
overland snow water. Complete plans and 
booklet. $9.95. Aero-Projects. Box 5118PS. 
Clinton. NJ 08809. 


136 | POPULAR science 


Classified Opportunity Mart 


Reach 4% million readers every month with an ad in Popular Science's Classified Opportunity Mart. MAY Issue Deadline (on 
sale APRIL 15) is FEBRUARY 25. Rates: $8.00 per word. Min. ad 10 words. Darker type (bold) words $1.00 per word extra. 
Display Classified: $445 per inch. Payment with order, or charge your Visa, MC, Amer. Exp., or Diners Club account (give # & exp.) 
Advertisers using box number in ad must furnish name & street address for our records. Send order & remittance payable to 
POPULAR SCIENCE, Classified Dept. 6C, 380 Madison Avenue, New York, NY 10017. 


Mary C. Ansbro, Class. Adv. Dir. 


Dorothy Ellis, Sr. Class. Adv. Asst. 


DO IT YOURSELF 


ELECTROPLATING. Complete Textbook. 
ectrop! Metallic/Nonmetallic Items. 
1.95. Details Free, Tropic, Box 95P. Palm 
FL 32906-009: 


APPLIANCE REPAIR Book written by 
tired Service Technician shows trade se 
Free Details, DLR Publications, 
Iverstone, Richardson, TX 75080-D. 


1600 VALUABLE CATALOGS!! Eve 

bject Imaginable! Directory US$4.00. 
italogs Galore, 7914-83, Springfield Vil- 
, Springfield, VA 22152. 


713 


Why Buy Expensive Equipment? 


NEW! ... REPAIR ANY TV... EASY. 
rite, Research, Rt. 3, Box 601BA, Colville, 
^ 99114. 


'PROFI IONAL" GIANT SCREEN 
10JECTION TV—"Don' be fooled by 
eap imitation Build the best for 
me or high profit with lenses and screens 
lized by SONY, ZENITH, SYLVANIA, and 
AGANAVOX!" ... Simple construction! 

ed information and complete part: 

talog $2.00 . . . Money back guaranteed! 

POLI-VISION, 187-P Cypress St.. 
roop, PA 18512. 


PROJECTION TV 
projec t 7 Foot picture 
ble to $2,500 projectors 
s than $30.00 . . . Plans and 8^ Lens 
9.95 . . . Illustrated information FREE. 

rocoma-ag, Washington Crossing. 
nnsylvania 18977. Creditcard orders 24 
urs (215) 736-3979. 


INVENTORS! Save money. Get your own 
^ v-step, layman's language 
Nourselt Patent Qui 
PA 1523 
VAN de GRAAFF GENERATOR 
0,000 Volts of Electroastatic Energy. Ex- 
ents. Lightning, Truly "Hair Ri 
Free Details. Associated Scientific, 
x 15098, San Diego. 


HYDROGEN AUTO FUEL FROM WA. 
IR. Amazing Free Report. Merrit, Box 
Y. Louisville, KY 40205. 


Convert your TV 
Results compa- 
Total cost 


SHEET METAL ROOF installation in- 


$5.00. Slots, Box 26189, Austin. 


"uetions, 


X 7875: 


TELEPHONE'S HOLD BUTTON. ONLY 
00. PNP, Box I, BROOKLYN, NY n204. 


HOME FIRE SPRINKLER SYSTEM Step 
step instructions, Materials needed and 
rere to buy. Sprinkler Trim Kits avail- 
le. For detailed instructions send $7.95 

D&D Home Fire Protection Services, 
x 3551, Wilmington, NC 28406. 


HEATING AND AIRCONDITIONING 
RAND Name Boilers, Furnaces, and Air- 
ditioners all makes and models lowest 
ices. Boilers $595.00, Furnaces $249.00 
Central Air-Conditioners $395.00. Do it 
urself and save right. HeatMaste 
Lawrence, Chicago. IL 60630. 


VE $$$$ Jute 


Never need a barber 
again. Superb haircut 
everytime. Easy use: 
just hold in one hand 
pass over hair. Has 
hair length setting, 
(| powered blades, self- 
FIBI sharpening, vacuum 
s clippings, more. All for the price of one 
t Eul money back guarantee; Patent pend, 
You'll look better, you'll feel better! 
etails or mail today $14.95 for haircutter 
bocut Co. PS7, 
x 9102, 
lins, Co 80525 


imuperpoweru) L 
an other mics, Trans 


MICRO BUGS 
Highly advanced bugging equipment. Ultra 
small transmitters, concrete mics, telephone. 
pen bugs and much more. Send $2.00 to 


MICROCOM for catalog 
(REFUNDABLE). Unbeatable 
prices. 

MICROCOM TECHNOLOGY 


Dept 95% P O. Box 347341 « Cleveland. OH 44134 


Build Your Own 


lE SANDBLASTER 


Earn up to $4000 per nour removing rust and paint from auto 
‘ars, farm equipment or any metal surtace This portabie unit 
removes rust and paint at a rate of one square foot per minute 

m common inexpensive matenas 


Sena $1500 plus $1 00 handing to 


DESIGN PUBLICATIONS 
PO Box 102-5 
Columba. Y 62296 


from SCRAPS. 
S. 1812 Neat Lane 
SW. Albuquerque. NM 87105. 


SUN-LITE' GREENHOUSE/SUNSPACE. 
It's the MOST HIGHLY INSULATED. 
LIGHT TRANSMITTING 
where. It lets diffused sunlight in 
WARMER in Winter. COOLER in $ 
Perfect for people and plants. Le 
Free-standing. Easy do-it-yourself kit start- 
io foundation needed. War- 

Free literature including our 84 
olar Products Catalog. Solar Com- 
nenta, Dept 94G. Box 237. Manchester 
NH 03: 


iments. Etc. Monthly. 
Wisstech. PO. Box 1272. 


SCIENTIFIC and ELECTRONIC 


` DEVICES 


LASER DEVICES 
* LCS BURNING CUTTING C02 LASER 
* RUB3 RUBY LASER RAY PISTOL 
* LRG3 IR LASER RIFLE/PISTOL 
* LGUS VISIBLE RED LASER RIFLE 10.00 
* LBTLLIGHT BEAM COMMUNICATOR. ....... 1000 
* LHC2 BEGINNER simulated VISIBLE LASER.. 5. 
SCIENTIFIC & ELECT 
* TCL3 SOLID STATE TESLA COIL 35kV .....7.00 
© BTC3 250 THOUSAND VOLT TESLA COIL ._.10. 
© BTCS 1.5 MILLION VOLT TESLA COIL ....15.00. 
e GRAI-GRAVITY GENERATOR 1000 
** 10G3 ION RAY FORCE FIELD GUN. 10.00 
‘© PIGI-PLASMA TORNADO GENERATOR. .....10.00 
ULTRASONIC ACCOUSTICAL 
* PPF1PHASOR PAIN FIELD GENERATOR. 
‘+ PSP3 PHASOR SHOCK WAVE PISTOL. 
‘+ IPG5 POCKET PAIN FIELD GENERATOR. 
© RAT2 RAT AND PEST ELIMINATOR 
© HT9 HIGH FREQ. LISTENING DEVICE 
‘SECURITY & PROTECTION 
* BLS1 BLASTER WAND 
* PPG1 PHASOR PROPERTY GUARD. 
* MET1 MINI VOICE XMTR 2-3 MILE 
= INF1 INFINITY TRANSMITTER... 
* STGI-STUN AND PARALYZING GUN. 
* SDS SEE IN DARK NIGHT EYE. 

WE STOCK ALL PARTS NECESSARY FOR 

CONSTRUCTION OF THE ABOVE PROJECTS 
* CATALOG CONTAINING HUNDREDS MORE OF 
ALL NEW AMAZING and FASCINATING PLANS. 
EASY TO BUILD KITS AND ASSEMBLED ITEMS 
$1.00. CATALOG INCLUDED FREE WITH ANY OF 
THE ABOVE PROJECT PLANS. SEND CASH, CHECK, 
MO. VISA, MC TO: 
INFORMATION UNLIMITED 

P.0.BOX716,DEPT.P8 AMHERST. NH 03031 


$2000 
20.00 
10.00 


LOAMOS muee 


888883 88885 


s 


Z AMAZING. 


BUILD ROCKETS 500— OVER 100,000 
FEET! $3.00. Missiles. 140 "oncorde 
Place. Toronto. Canada M3C 3} 


T-SHIRT SPECIAL 
ORDER ITEM #77 
S-M-L-XL 
NAVY BLUE OR RED 
ONLY 5632 
PLUS 51% SHIP & HAND. | 

‘SEND CHECK- MONEY ORDER TO: 
W. SPICER ENTERPRISE 
PO. BOX 1276, GREENWOOD, IN. 46142 


BUILD YOUR OWN 
ROCKET MOTORS! 
* 40 POUNDS THRUST! 

* FIFTY CENTS EACH 


* BUILD A DOZEN IN 
AN EVENING! 


ASTRONOMY 


greenhouse | 


HOME CRAFTSMAN 


GETTING Started in Stained Glas: 
1,00, Whittemore, Box 2065X, Hanover. 
MA 02339. 


DOES YOUR SUMP PUMP WORK dur- 
ing power failure - Ours Does - without a 


| plumber, Catalog $1.00 Refundable, Resi- 


dential Safety Systems Inc., 899 Boulevard 
E. Room 2D. Weehawken. NJ 07087 


MAKE WOODEN TOYS—PROJECTS 
—100's Plans. Kits, Hardwood Parts ‘toy, 


craft. furniture). Tools, Wood. Supplie 
Color Catalog $1.00 - 1614) 484-4363 - 
Cherry Tree Toys. Belmont. OH 43718-0: 


STEAM ENGINE KITS. Power models at 
savings to you! Send $1.00 for literaturi 
PM. Research Inc.. Dept 5. Rd #2. Box 2! 


Wellsville. 14895. 

NEW Stained Glass Owl Clock pattern 
3100 to: Macs Gl Oracle Rd.. 
uite 10 ISO, Tuc 704. 


MAKE PVC PIPE FURNITURE. Many 
proven plans. Profitable home business. 
FREE Details, J&L Casual Furniture, Box 
208P. Tewksbury, MA 01876 


MAKE Fight shot hardwood rubber band 
GATLING GUN. You've never seen any- 
thing like it. Plans $3.00, Bones. P.O, Box 
5 De 3. Colton, CA 92 


rated $2.95, 
3290 East 


Construction Specialty 
si dmond. OK 73034. 


SY Indoor Outdoor Woodcraft Pat- 
10.00. B.M., Box 993, Sioux City. 


CHILD'S PLAYHOUSE 
u can build for under 
Design & construc- 
tion of this unique 6 « 8 
j allows maximum interior 
room. Complete building 
plans and instructions 
$15.00 
AC Enterprises 
P.O. Box 291 
Kinsley, KS 67547. 


WELDING, SOLDERING 


GAS WELDING AND 
CUTTING CATALOG FREE 
Everything you need to gas weld 
U.S. brand name equipment. low 
prices. A gas welding store 

in your mail box. 

FOR YOUR FREE CATALOG call 
toll free 1-800-228-2009 or 


write Shannon Marketing Inc. 
P.O. Box378. Welches. Oregon 97067. 


TOOLS & MACHINERY 


CAMPBELL TOOLS COMPANY 
2100P SeimaRd., field, Ohio 45505 


BE UPDATED on how GRAVITY FIELDS 
interact without gravitons. Send $4.00 
1U.S.! to: Bernhard Hasenknopf, P.O.Box 
New Westminster. B.C., V3L 4Y8, 

la 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, Dept 
M. 3736 South 7th Avenue. Phoenix, AZ 
85041 


'ontinued on next page 
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TOOLS & MACHINERY (cont.) 


UNIVERSAL For work Shops and nopay en- 
MACHINE TOOL gineers. Reasonable price. Avail- 
MECANIX® L-150, able inch or metric version. 

ex 1 d 


OTOBUKI BOEKI COMPANY 
No. 5-8, 1-Chome, Tsukiji, 

Oo. ku, Tokyo, Ja ar 
Telex: 0- E iy 


LATHES - MILLING MACHINES 
MACHINE SHOP SUPPLIES - TOOLS 


‘Catalogs $1.00 (over 200 pages) 
Toll Free Number For Orders 


BON 
REPRESENTATIVES OF MANT MANUFACTURES 
304-562-3538 


4’ METAL Cutting 
48 Proctor, Indust 


104.50. Taig, 
91746. 


ning Guidebook, Angle 
ails. Skog Company, 
2559, Minneapolis, MN 


SMALL FOUNDRY Furnace. Supplies. 
Literature. Pyramid Products, Dept. M, 
E 6 South 7th Avenue, Phoenix, AZ 85041 


[DEPENDABLE LOW-COST 
IHOMEBUILT HELICOPTERS jy, 


+ Design Seecton + Parts Fabrication EET 
EXT 


F 


KNOWN SECRET REVEALED! 
1 Buy Dirt Cheap - Automobiles, 
[ Trucks, Vans, Boats, Furniture, 
Stereos, Appliances & TVs — 
thousands of other items seized 


AG 


Shey 
P.O.Box 7557 


SA 


ng) MARCEL Dept EB aa 


STARCRAFT I 


2-man aircraft designed for vertical 
take-off and landing. Cruise at over 
100 MPH. Build from kit. Components 
now available. For info, send $10.00 to 
Starcraft, 36 W. Fayette Ave, S.LC., 
Utah 84101 


BUSINESS OPPORTUNITIES 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 5 


$500. WEEKLY Recycling Di 
1 mp Appreciated. La Valle 
24:8. 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog $1.00 
(refundable), Camelot, Dept. 33, Box 65, 
Bristol, Wisconsin 53104 


AVIATION 


BOOMERANGS— WORLD'S BEST! 
Incredible returns, exciting Sport! FREE 
catalog... 80 boomerang. 32 illustrated 
yes! BoomerangMan, IK N. Third, 
nroe, LA 71201-4222. 


HOBBY HELICOPTER. “Choppy” ult 
light single-seat helicopter, Simplified co 
struction—motoreycle engine, Brochure: 


$3.00, Poly 
c, Canu 


a, Box 6705, St, Remi, Que 
Jol, 20. 


AVIATION CAREERS — launched repair- 
ing airplanes! Finding jobs, skill develop- 
ment, advancement, flight, growth oppor 
tunities. Booklet $10.00, AirGuide, 1913 
Pacific Place, Mt. Vernon, WA 9X: 


The Homebullt 


JET HELICOPTER manun 


LOW-COST DESIONS / A: 
© Carries one perion-plus e. Vi 
fe Hand-too! constructi 


*BOTH ABOVE BOOKS: ONLY $18.00 


CONCRETE Block Machinery; 
$1.00. Route One, Box 3740, Rapid C 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from home, 
without capital. We ship plan for no risk 

" perience unnecessary. Free 
; Dept. C2693, Woodland 


a 9 


Report. Mellinge 
Hills, Califor 


Home Business Directory 
Exciting free details. Write: 
Box 2019-PS 
New York, N.Y. 10163 


YOU can m; 
details, Brol 
7029. 


BORROW $300-$30,000 Worry Fi 
Keep Indefinitely! Free Details! Write: 
American, 1601 Main, Plainfield, IN 46168, 


PIANO Tuning quickly learned with 


e money whol 
"ircle, Burns, TD 


home study course. Diploma granted 
American Tuning School, 17050 Telfer 
Drive, Morgan Hill, CA 95037. 


BUMPER Sticker Printiny Device. Cheap, 
imple, Portable, Free details Bumper, POB 
(LLC), Tampa, FL 


LEARN MIRROR RESILVERING, Fre 
Information. Silvercraft, Box 127, La 
downe, PA 19050. 


NEW! 
‘An extroordinory Kit Helicopter! 


Plons à occestory info 
T) FREE with 
Sie order! 


AFT Riderwood, MD 21139 


U.S.A. 


SKYOPTER 


No License Required Hover Flight 
Vertical Take Off and Landing 


BUILD 
FROM 
KIT OR| 
PLANS 


— PLANS — 
Sky Kopter (Jet) 
Sky Cycle (Jet) 
BW Giro Kopter (Gas) 
BW Homebuilt 

Helicopter (Gas) 
Hobby Helicopter Book. 
‘ane — $3.0 Postage 


Information Pack $5.00 
Inchuder: Specs, Proton, Kitt, Prices 


KOPTER 
KITS 
FROM 
$899 


BW ROTOR CO.,INC. 
L 9/ P. O. Box 391 — PS 


Towanda, KS 67144 


GET RICH using OTHER PEOPLES" 
MONEY!! Unique— s 

tails FREE? Fi 
FL 33063. 


ALUMINUM SCRAP- Recycle 
POUND! Free Information: 
Alexandria Bay. 


New York 13607. 


PVC PIPE FURNITURE pays big. Start 
now! Turn your spare hours into easy cash 
profits. Free details: Owen. 771P. Battle 
Ground. WA 98604 


MJG-PS. Amblers. 


Details! Write: 
19002. 


RECYCLE METALS. NO, NOT BEER 


PA 


weekly! Free informa- 
Box 1214, Franklin. TN 


EARN up to $300.000!! Monthly! Details 


Free! Write: JLF-PS. 1048 Ash. Waterloo, 
IA 50703. 


LIFETIME OF HOMEWORK! Successful 
Retiring. Secret can now be yours! 
65. Carlsbad. CA 92008. 


HOW YOU CAN MAKE $220-$745/ 
WEEKEND. National network Television 
advertising will proclaim sensational new 
product. You supervise weekend demonstra- 

in local stores. Write: J & R Lim- 
31. 1471 Main, N., Canton, 


3,816 BUSINESS Opportunities! Free 
ion! Dynamics, Box 1306H, Stow, 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT DEBTS! 
Details FREE! Honeywines S. Box 26744, 


Ameo 15, 1601 Main. Plainfield, IN 46168. 


HUGE PROFITS! Reconditioning used 
s others dont tell 
y Outlet, Box 3300. 


Hickory. NC 28603 


$192.00 FROM Square Foot Plywood 
‘Huge Demand), Revealing Proof 25e (Re- 
able, Woodwins, Bridgewater, MA 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $157,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
ox 37169, Ft. Worth. TX 76 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60.000 
| TOLL-FREE for Val 
port 100-321-2597. 
stems, Box 5 . Bend, OR 9 


$3,000 MONTHLY Information Busi- 
e Box 10179. Alex- 


ail Order Basic Library for 
ase to: Atlas, 2518C 


m 
jately, Det 


Systems, Dept. PS, Box 3430, 


onics—inexpensive, 
Free information. 
Franklin, TN 3706; 


14,947 HONG KONG, 
UCTS CHEAP Small lots. 
free, Harbor, Box 1719- 
9 2. 
STAGGERING profits in sparetime 
HOME PRINTING. Free information: 
Printer, Box 25297, Colorado Springs, CO 
80936. 


pleasant. practical! 
Planter's, Box 1214, 


ome samples 
. Yuba City, CA 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits, 
We supply everything. Details free. VIP, 


11432. 2036 Montrose, Chicago 60618. 

LEARN Piano Tuning. Big profits! Ca- | | GOLD Stamping Machines. Inexpensive, 
reers, Box 383PS, U IL 61801 Quality Large imprint Area. Free details 
De | Magie Systems, P CLEC), 

DISCOUNT-HOME-SHOPPING- ROM FOBEAMSO STA 


BUSINESS, Donica, 332PM. North 12th 


New Castle, I 


GET RICH! Relaxing at home. 
led. Free details. Trada Wind: 


Write: Trade 
y Rd., New Paltz, NY 


FL 33623 
MAKE Rubber Stamps. Highly Profitable 


Business. Free Details, Stamper, POB 
22809 (LLC), Tampa FL 33622. 


SELL books by mail. Unique program 
starts you fast. Free information. Cloud, 
231-32B Merrick Blvd., Laurelton, NY 
11413. 
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home. Men, wo- 
te opportunity 


amps brings the Hottest Mon 
makers, Nonstop for one year. B/Assoc., 
Box 4222, Rockford. IL 61110. 


MECHANICALLY inclined individuals 
desiting High Weekly Profits operating 
nufacturing business Without In- 


: Brighton 
11th, Brooklyn, NY 1 


_ SELL books by mail. 400 
les Kit. Speedibooks, 
eland, OH 44128, 


RDER BOOK 
ree details. Reid 
Albert Lea, MN 


900% profit. 
60 - 4F 


BUSINESS. 100% profi 


56007. 


ndusky, OH 


REPAIR HYDRAULIC JACKS — Free 


parable to $ 
cost less tha 
& dealers information $1 
ted information FREE . 

Washington Crossing, Pennsylvania 18977. 
Creditcard orders 24 Hours (215) 736-2880. 


Mlustra- 
Macrocoma-agx. 


SELL HOW-TO BOOKS BY MAIL. 
UP To 2000% PROFITS 


START NOW! 
We drop shipped at very low prices books cassette 
Tapes manuals and reports Beautiful ilustrated 
Catalogs. circulars and sale a 

mail order sales. Start wilho, 


Complete details and catalogs Send $1.00 
postage (refundable) to 

LONG PUBLISHING, Dept. P-27 
PO. Box 1465, Garden Grove, CA 92642-1465. 


ENTER Billion Dollar Industry. Im- 
mediately, Start-up manual $6.00. CLP, 
7641 Clarewood, Suite 1330, Houston, TX 
77036. 


START profitable mailorder business at 
home. Free details. Farrow Enterprises, Box 


HOW to make money manuals. Send 
Sase. Dee Enterprises, 19 Kathy Drive, Ha- 
verhill. MA 01830 


TAKE PICTURES for profit. Photomone; 


CO 80401 


atalog Orders. We drop-ship 2500 

ling specialty products. Lowest 

below whole: s. Immediate deliv- 
ery. Spectacular home business opportu- 
nity. Free Book. SN 9401 De Soto Ave., 
Dept. 28- Chatsworth, CA 91311-4991. 


closures, big tax breaks and much more. Lecturers 
charge hundreds for these valuable secrets. Yours for 
$15. Money back guarantee. National Reality Consul- 
tants, Dept. L5, P.O. Box 360184, Milpitas, CA 95035. 


SCREEN Print T-Shirts. Inexpensive ' 


"Printer," POI 


LEARN to PINSTRIPE Cars. Trucks — 
Profitable Fun. Free Details. Delta, Box 
Victor CA 95253-0736. 


MAILORDER Opportunity: Start profit- 
able home business without experience or 
capital. Write for free book, plus details. 
Mail Order Associates, Inc., Dept. 427, 
Montvale, NJ 07645 


GET YOUR FREE INFO-KIT — Making 
MONEY with Balloon Magic . . . Kit tells 
.. Winner's — PS63, 

NY 13607. 


WOW $1.00 sends 
opportunities, money making opportunities 
in dozens of publications. Wesley, Box 381, 
Hazleton, LA 50641. 
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HOME WORK!! FRUSTRATED?? De- 
ailed Report, Congressmen, Government, 
idvocate Groups: COST HUNDREDS TO 

5,00. Report, PO. Box 


HOMEMADE BOOKLET BUSINESS. 
‘ree Information. Books, Box 77070 Stn-S, 
'ancouver, Canada V5R 5T4. 


BELTS, Buckles, Key Tags, Hat Tacs, 
ewelry, More. Complete line fast sellers, 
acluding Westerns, Firemen, Wildlife, Mil- 
sary etc. Big Profits. Complete dealer set 
P; Color catalog $1.00 refundable), An- 

or Specialties, Box 3958-PSR, North 
Providence, RI 02911 


BUSINESS IDEAS-STARTUP-DEVEL- 

)PMENT CATALOG: Deluxe guidebooks, 
ces, supplies. $1.00. Geometrex, Box 

Milwaukee, WI 53201-0682, 


AUCTION Merchandise Bankruptcy 
tock for sale. Nation wide as low as 10e 
n the dollar. 1-800-541-0900, 1-800- 


FREE! TREASURY OF HOME BUSI- 
IESS OPPORTUNITIES, POPCO, BOX 
14370, BARTLETT, TN 38134-0370. 


SEIZED, Surplus Property Auctions. 
‘our Locality. Write: Tropics, Palm Bay, FL 
2906-0095. 


MAKING EXTRA MONEY MADE EASY. 
IREE Subscription to Opportunity Maga- 
inc offers hundreds of proven ways. Write: 
dpportunity, Dept. G69, 6 N. Michigan, Chi- 
ago, IL. 60602. 

ful 


$1000'S WEEKLY Proven Succes 
jome Methods. Free Details, ESO Market- 
y, Rd, 2, Box 447PSA, Oneonta, NY 
330. 


BUSINESS SERVICES 


ICORPORATE Without Legal Fe 
re pee Includes Forms. Call Now (#00) 
45-Corp. 


SPECIAL SERVICES 


INFORMATI! 
bn Research Sj 


On Anything un 
ialists. 60-15 Woodside 


venue, Woodside, NY 11377. 
ENERGY SAVING 


SOLAR, GREENHOUSE, AND ENERGY 
SAVING PRODUCTS CATALOG! 
84 pages, Order from one expert source. 
America's largest energy saving mail order 
house! $1 postpaid. 
SOLAR COMPONENTS 
Dept. P, Box 237 
Manchester, NH 03105 


ALTERNATE ENERGY 
200 EXOTIC ENERGY INVENTIONS, 


lare. Data. Astounding 40-page 
talog, $2. Rexsearch, Box 1258, Berke- 
iy. CA 94704 


MAGNETS; Unusual Book, Free Bro- 
us Cadake, PO. Box 1861 yton, GA. 


TESLA, FREE ENERGY, ETC. New tech- 
ical publications. Tesla Book Co., 1580 
lagnolia, Millbrae, CA 94030. 


'echnic 


5. Solar Age Mi 
arrisville, NH 03450, 


FREE heat from Sun! Save hundreds on 
ills. Do-it-yourself! Free information. 
olar, PO Box 5, Albert Lee, MN 56007. 


BURGLAR/FIRE ALARM 


ise. Inexpensive pro- 
, travelling, Write: 
2A Merrick Blvd., Laurelton, 


PLANS, BLUEPRINTS 


10" all trail- 
rable molded fiberglass hulls and decks 
ome factory assembled — you install fac- 
ory supplied interior. Save half factory built 
ost. No experience required. FREE 48 page 
Atalog. LUGER, Dept. AC-36, P.O. Box 
398, St. Joseph, MO 64502. 816/233-5116. 


| EDUCATIONAL ROBOT Text. plans 
10.00. JDH Enterprizes, 1100 Royal Crest 
ir. Arlington, TX 76017. 


COMPUTERS 


TH-99/4A Software; Hardware bargain: 
Hard to find items. Huge selection. Fast 
Service. Free Catalog. Enterprises, Box 690, 
Hicl lle, NY 11801. 


FREE Programs! Commodores Apples 
IBM pe's / TRS80's - TI99-4A . Timexes. 
EZRAEZRA, Box 5222SMR, San Diego 
92105. 


SATELLITE TV 


‘SATELLITE TELEVISION ANTENNAS 
complete detailed plans for home construc- 
tion by anyone. $5.00. Jansen Electronics 
PO. Box 168A, Dundee, OR 97115. 


SATELLITE TV . . . LOW PRICES on 
dishes, receivers, LNAs, etc. Factory 
guaranteed. Send $5.00 for the most com- 

ete catalog and information av 
Belle World, P.O. Box 640, Ci 
Falls, OH 44221 


SATELLITE system $449. Information 
$1.00. Starlink, 2603-16P Artie, Huntsville, 
AL 358 

BUILD Your Own Satellite TV Receiv- 
ing System And Save! Instruction manuals, 
schematics, circuit boards, kits! Send 
stamped envelope for complete listing 
XANDI, Box 25647, Dept. 24KK, Tempe 
AZ 85282. 


‘THE NEXT GENERATION of satellite sys- 
! Popular ECHOSTAR system, 
-ready. $599 Complete! With i 
stallation Guide. VISA/MasterCard. 20 
innovia, Inc., h 
89410. (8001 


SATELLITE 
TELEVISION 
SYSTEMS 


* Super programming 

* Heaviest of its kind 

* Easy operation 

* Advanced component controls 

Dealerships available 

We manufacture sizes ranging 8', 9', 

34, 16', 23" 
Francis Enterprises, Inc. 

P.O. Box 906 314-989-3248 

Poplar Bluff, MO 63901. 


SATELLITE TV starting $425.00 com- 
plete. Two for $750.00. Catalog $2.00. 
Jake's, Box 593, Brigham City, UT 84302. 


SATELLITE FILTER IMPROVES PIC- 
TURE. $39.95. Guaranteed. Compu Sport, 
12021 Wilshire #404, Los Ange 
90025, 


BUILD EXCELLENT, NOT CHEAP 
‘SATELLITE SYSTEM UNDER $600. CAT- 
ALOG $1.00. SHOJIKI CORP., 


tractive, Easy Construction. Photo; 
Informational Package, $3.00 refundal 
DIRIJO DISH Box 212, Lowell, NC 28098. 


‘SATELLITE ANTENNA GUARANTEED 
Plans. Proven design. Available materials. 
$8.95. VidCom, Box 4946, Springfield, MO 
65808. 


SATELLITE RECEIVER SUPERIOR 
Quality. You build. Kits available. Complete 
schematics $9.95. MicroStar, Box 2831, Ha 

urg, PA 17105. 


. E 


jee srs 


SATELLITE 
CITY 


1301-8, 1-30 
Lite Rock, À 


501-455-3375 
RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224, Denver, CO 80219: 


REPAIR MOST ANY TV. .. . EASILY! 
Caltronics, 1013 Maine, Windsor. IL 


SATELLITE Systems wholesale to pub- 
lic. FREE Catalog call 1-800-624-2984. In 
Penna. collect (717) 5 Monday- 
| Friday 9-5 EST. 


WORLDWIDE 
Í SUPPLIER 


SATELLITE T.V. 
SYSTEMS 


stre ange of Suits Systems yon 
"usc odes i be masi deut emit 
anre veter 

Everything, GUARANTEED. everybing 
facoded MAME BRAND. Tap Quay 
Fic Ed 


Complete Systems from $399 to $1499 
Send or cali lor $200 Satelite Brochure 
Siem Cio 


DEALERSHIPS AVAILABLE. 


VIDEO EQUIPMENT 


VIDEO movies. Bargains! VHS. Beta 
Catalog $1.00. Tower, Dunkirk, MD 20754- 
0213. 

ELECTRONICS, STEREO HI FI 
AUDIO, Video, Accessorie. 
(718) 897-0509. D&WS, 68- 

Flushing, NY 1 


NIGHT VISION SCOPES. Reconditioned 
Military units. Both Starlight (Passive) and 
Infrared (Active). Catalogs $4.00, STANO 
Components, P.O. Box 6274, San Bernar- 
dino, CA 92412, (714) 883. 


Cartridges 
110 St., 


ROBOTICS, ELECTRONICS, c: 
organizers and more. Write: T&C Int'l, Box 
181. Boonton, NJ 07005. 


REBUILT P) 


ure tubes, Monitor tubes, 
Crt's Video Electi 510 8th, San Diego, 
CA 92101 (619) 232-4422 


FORMULAS, PLANS 


MONEYMAKING CHEMICAL FORMU- 
LAS—THOUSANDS! CATALOG $5.00 
(REFUNDABLE?: GWAG, Box 193, Brook- 
field, WI 53005-0193 


HENLEY’S 
20th Century Book of 
10,000 Recipes, For- 

mulas & Processes 

(Latest Edi 


Information and instruc- 
Won that can save you 
thousands, or make you a 
fortune! Housewives. man: 


people in every walk of iite, refer to Henley 
iy nee goldmine of a book, vou a 
Used In the home, form, workshop, or ndustry 
Discover the uade secrets o thou 
foyer products isara new 4 
SG meing way of doing things” As Indlapen 
Sable as dictionary, Satisfaction guaranteed, 
300 pages hard cover-cloth binding. Only 
Si69 plus S195" postage & handling. 
Dealer's Inquiries Invited. 


EMBASSY SALES Dept. PS 77 
Box 67, East Elmhurst, N.Y. 11369 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
40 monthly, 4602 Ethel, Sherman Oaks, 
CA 9142: 

GOVERNMENT HOMES 
From $1.00, You Repair. Also Delinquent 
Tax Property and Foreclosure Lists. For In- 
formation Call Refundable 1-312-888-0123 
X-H-504 


GARDEN SUPPLIES & EQUIP 


EXOTIC CELOSIA FLOWERS will High: 
lite your garden with IRIDESCENT HUES! 
Seeds, Instructions $2.00. T D'Innocenzi 95€ 
Hermann Rd., North Brunswick, NJ 08902. 


BOOKS & MAGAZINES 


LIVE 
STEAM — 
A monthly magazine 
with plans/instruc- 
tions for steam- 
powered machining 
projects, including 
locomotives you 
can ride! 
25 per year check or charge card call 
800-824-7888 Operator 660 or write 
Live Steam, P.0. Box 629-A 2 
Traverse City MI 49685 
 MONEY-BACK GUARANTEE 


FAMILY Bibles - Beautiful Bible Stories, 
Taped Bible Cassettes. Details $2.00. 
Bridges, Box 5460, Hollywood, FL 33083. 


GET RICH QUICK SCHEMES Legal, 
! Write: The HOG, 8048 Midcrown, 
1PS, San Antonio, TX 7821 


Abi-monthly 
magazine with 
plans/instructions. 
for metal-working 
Projects you can 
build. $18.50 per 
year Check or 
charge card — 

call anytime. 


800-824-7888. acol 660 or write 
The Home Shop Machinist, Box 1810-A2 
Traverse City MI 49685 

 MONEY-BACK GUARANTEE 


BATTERIES, GENERATORS ETC. 


RECHARGEABLE Nicads, all sizes. Cells 
and packs. Sase for catalog. Lynntronics 
Battery Sales, 6248 N. 43 Ave., Glendale, 
AZ 85301 


NICADS Dead? 90% Can Be Saved Elec- 
tronic Rejuvenator, Tech. Sheet, $29.95 
Postpaid, Edris Engineering, Box 841, 
Branford, FL 32008. 


CARTOONING SIGN PAINTING. 


CARTOON for Fun and Money!!! Free 
booklet! Cartoons, Box 40614B, Detroit, 
Michigan 48240. 


LEARN Sign Painting, Cartooning, Pin 
Striping. Free Catalog. Kaufmann Supply, 
Centertown, MO 6502: 


WINEMAKING 


WINEMAKERS—BEERMAKERS Free 
Catalog. Fast Service. Large Selection. 
Kraus, Box 7850-N Independence, MO 
64053. 


WINEMAKERS — BEERMAKERS — 

GASOHOL. Free catalog, Equipment Sup- 
lies, Continental, Box 188-PS, Cassel- 
rry, FL 32707. 


‘WINEMAKERS - Beermakers Free Cata- 
log. Low Prices, Free Recipes. Cellar-S, 
Box 33525, Seattle, WA 98133. 


BEST BEERMAKING CATALOG IN 
USA! FREE! Brewers, Box 1139, South 
Chatham, MA 02659. 1-800-447-7404. 


MONTANA LAND 


20 ares (or more) staring a $6950 wit 
3 dove lowstone Park 
EI n the heart of trophy eik, deer, moose. 


antelope and t "ls bon out ear Quar 
AND WARRANTY DEED. Your 
inspection cone FEB FREE Brochure, Maps, Color Polos 


call Today TOLL FREE” 1-900 257-526. 
Yellowstone Basin 

1119 North 7th Ave. Dept. PS, PO. Box 3027 

Bozeman, MT 59772-3027 e (406) 587-5469 


MAKE QUALITY BEER WINE. Free Cat- 
alog. Village Store, Box C-51PS, Westport, 
MA 02790. 

FREE Catalog. Discount Prices, Finest 
equipment, Ingredients, One-Day Service. 


Fully guaranteed. SPI, Box 784-S, Chapel 
Hill, NC 27514. 


WINEMAKER — Beermakers: Free Ilus- 
trated catalog of supplies. Semplex, PO. 
Box 12276H, Minneapolis, MN 55412-0276. 
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EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES BY MAIL! 
Bachelors, Masters, PH.D.s Free re- 
vealing details. Counseling, Box 389-SP3, 
Tustin, CA 92680. 


FREE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 
Box 744-PS, McKeesport, PA 15134 


LEARN WHILE ASLEEP! Astonishing 
New Method! Strange Catalog Free! Aut 
suggestion, Box 24-À, Olympia, WA 9851 


UNIVERSITY DEGREES without classes 
Bachelor's, Master's, Doctorates. Accred. 
ited, inexpensive, fast. Free information. 
Dr. John Bear, PO. Box 11447-PSC, Marina 
del Rey, CA 90295. 


BEALEGAL Learn at 
home. Free book. Dept 311-036, Commer- 
cial Technical Institute, Little Falls, NJ 
07424 


INSTANT MEMORY 


The new way to remember 
A short, simple method of acquiring a powertu 
‘memory, No memorization, no keywords. Release your 
photographic. memory, Learn "how you remember, 
"why" you forget. Discover your natural ability to 
recall everything. Send for free information to: 
INSTITUTE of ADVANCED THINKING 
USPS VialaPaz, Pacific Palisades, CA 90272 


DEGREE PROGRAMS 

1N Management, Economics, Philosophy, 
Business Studies. Credits and 
accepted. Prospectus (airmailed 
istrar. Sus 
OGY, HIGHFIELD DANEHILL, SUSSEX, 
ENGLAND Rh 17 7EX. Founded 1969 stu- 
dents worldwide. 


'SUPER-INTELLIGENCE! FREE amazing 
method! EDEPS, Box 1462, dora, CA 
91740. 


WORLD WIDE COLLEGE OF AUCTION- 
EERING, INC. The original—50 yrs.— 
World's largest! Term soon. Approved for 
VA. FREE Catalog. 1-800-2! 
5242 COL. GORDON E. TAYLOR, 
949, Dept. 3, 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal. Accredited Attorney In- 
struction. Home Study, FREE CATALOG. 
Southern Career Institute, Drawer 36PS, 
2158, Boca Raton, FL 33427. (305) 368- 


ee catalogue de 
scribes 200 success proven correspondence 

iploma courses, Granton Institu 
Adelaide Street West Toronto: Canada 


ITISH DEGREES. Obtain yours now 
London, Bachelors, Masters. 
ates. Commerce, Industry, S 
ophy, Divinity, Medic : 
Free Prospectus, (Airmail $1 refundable 
College Registrar, Dept. 131, BCM—Colle- 
giate, London, WCIN 3XX, England 


HIGH SCHOOL Diploma at home. No 
classes. Low cost. Information FREE. Call 
toll free 1-800-228-5600 or write: Ameri- 
can School Dept. 347, 850 E. 58th St. 
Chicago, IL 60637. 


ELECTRONICS’ B.S. Degree. Cor 
spondence instruction. Accredited, N] 

ree catalog. Grantham, 10570 Humbolt, 
Los Alamitos, California 90720. 


BASIC COMPUTERS, 10 lesson corre- 
spondence course, $39.50. Certificate. De- 
tails free. American Technical Institute, 
Box 201, Cedar Mountain, NC 28718. 


LOCKSMITHING: Free book. Locksmith- 


ing Institute, Dept. . Little Falls, 
NJ 07424. 
OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 

OVERCOMER. Send tor your fr 
copy of “The Psychology of Purity 
Chastity” to: Schizophrenics Interna- 
tional, P.O. Box 50456, Ft. Worth, TX 
76105. 


WITCHCRAFT—HARNESS 
FORCE. Understand the Old Reli 
the consensus reality. Gavin and 


THE 
ion and 
vonne, 
Box 1502PS, Newbern, NC 28560. 


1600 VALUABLE CATALOGS!! Every 
subject Imaginable! Directory US$4.00. 
Catalogs Galore, 7914- ringfield Vil- 
lage, Springfield, VA 221 


STAMP COLLECTING 


Revenue 


35 DIFFERENT Old U. 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00, Roush, 423 Shepard, Mans- 
field, OH 44907. 


PENNY Stamp Approval 
Catalog. Kloster, 4164 52nd, San Diego, CA 


FREE, US. Min! 
brand, Box 4867. 


UNITED NATIONS 5 Complete Mint Set 
25e, Approvals. Cornetta. POB 1509-P, Lake 
Placid, FL 33852. 


SPECTACULAR! 300 BREATHTAKING 
STAMPS from 35 COUNTRIES. Only 
$1.00 with latest bargains and sensational 
approvals Stamps Dept: SC6, Box 9862F. 
onto, Canada M4Y 2N9. 

PHILATELIC SPECTACULAR! Twenty 
Complete Sets. Mint, Used. Commemora- 


s, topicals, pictorials. $1.00 Approvals, 
ox 400E, Somers Point, NJ 08244 


100 Different, 25¢, App 
Box 425PS, Midlothian, VA 23113. 


MONEYMAKING 
OPPORTUNITIES 


NEW Luxury Car Without Cost. Write: 
AMCO 15E, 1601 Main. Plainfield, I^ 
46168, 


GET RICH! Secret law smashes debts 
brings cash credit! FREE report 
‘WealthKit-S, Box 4036, Pompano, FL 33 


BORROW $3 
Keep Indefinitely! 
American, 1601 Mai 


000, Inter 
indefinitely! Write. 2.3 
shire, Los Angeles. CA 90010. 


BODY BUILDING 


f$ MUSCLES 


200 pages. Thousands of 
| science hobby equij 
ment. $2.00. Merrell Scientific, 1665 Buffalo 
Road, Rochester, York 14624. 


225 PAGES! 1954 Glassware— 
ical — Lab. Equipment — Experiments 
Most comprehensive catalog offered by any“ 
one in this column, Established 19 
$3.00 REFUNDABLE. Aldrich Scientific, 
PO. Box 675-PS63, Helotes, TX 78023. 


“EXPERIMENTERS” LABORATORY 
(CHEMICALS—GLASSWARE. Catalogue 
$1.00. HAGENOW LABORATORIES, 1302 
Washington, MANITOWOC, WISCONSIN 
54220. 


REMAILING SERVICES 


CONFIDENTIAL Mail Receiving For- 
warding. Mail Drop. Box 18039PS. Orlando. 
FL 32860. 


GOV'T SURPLUS 


MILLIONS OF SURPLUS BARGAINS! 
' Many 1% original c 


Q.I. SURPLUS Camping and Hunting 
squipment 56 page Catalog $2.00. Red Ban 
Army Na Monmouth Street. Red 
Bank. NJ 07701 


ACT like bank—get rich! JADCO, 2830 
Pedro, CA 90731 
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HOW to make money with your came 
Manual $4.50. The Picture jè 
602-H. N.E. 14th St., Ocala, FL 32670. 


Sticker Printing Device. 
Portable. Free details 
791 (LLD), Tampa, FL 


ceps for $44 
? Get the facts 


1$ It True You Can Buy 
the US. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information ‘stamp!: DDN. Box 
-G. Ferndale. Michigan 48; 


Samples. Free 
etails. Worldwide Bargainhunters, Box 
30-B. Holland. MI 49423. 


CLOCKS Repair for profit. Free br 
chure. School of Clock Repair. Squire V. 
lage Rm. 10. 7 Cambridge Ct.. Toms River, 
NJ 08753. 


GOLD Stamping Machines. Inexpensive. 
Quality. Large imprint Area. Free details. 
Magic Systems. POB 24986 LLD). Tampa, 
PL 336: 


$1,000 WEEKLY Home Business [ 
rectory Details. Box 2019-PS. New York. 
NY 10163. 


$100's WEEKLY Clipping ne 
articles. Free information. MCPI-NC 
32 Merrick Blvd., Laurelton, NY 11413. 


EARN $1000's MONTHLY proven 
money-making program Write: Patton's 
Dept. 10, 1605 Blanche Drive. Boaz, AL 


per 


MAKE MONEY in your spare time. Re- 
Pott shows how. Satisfaction guaranteed, 

end $3.00 to: TDB Enterprises, 224D Lake- 
shore Drive, Pt. Clinton. OH 43452. 


PRINT YOUR OWN— Printing pres 

e, supplies, direct from factory. Famo 
e 1872 Send $1.00 for catalog and s m- 
ss to: Kelsey Company, DS, Meriden, CT 


CONTEST 


LIFE SCIENCE CONTEST 
LARGE MONTHLY MONEY PRIZES. 
Question. What is the origin of life? Cor- 
rect answer, your name and address and 
$1.00 entry fee will make you eli 

this months draw. Clue. Answer 
found in science not in metascience. Send 
your entry to Evolutionary Protobiogenesis 
Contest, PO. Box 5238, Massena, NY 
13662. Self-addressed stamped envelope for 
detailed information. 


WHOLESALE PARTS for lawn equip- 
ment, Minibikes. Karts. Chainsaws. Small 
Engines. Quality products. Send $3.00 for 
full line catalog. GRP Parts. PO. Box 45245. 
Dept. S. Somerville. MA 02145. 


SINGAPORE, HONG KONG, TAIWAN 
directories. Listing 11.000 suppliers. 20.000 
producta, Buy Direct. Information $1.00. 

Merrick Distributing. Box 274P. Merrick. 
NY 11566. 


SALESPERSON DISTRIBUTORS 
WANTED 


HEAR us out! Texas Refinery Corp. of 
fers an opportunity for high income plu 
cash bonuses and fringe benefits in you 
area. Regardless of experience. Write: W.C 

lopkins. Pres., Box 711. Ft. Worth. T) 
76101. 


PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAI 
and catalog $5.00. Hydraulic Parts Supply 
Box 415 fle, TX 7! AEA 


REPAIR lawnmowers thousands of part 
and tools wholesale list 40e. Ellwanger' 
12771 
FREE. Brochures. Repair air condition 
ing. Refrigeration. Tools. supplies, full in 
structions, Doolco. Ine.. 11252 Goodnight 
Dallas, TX 7. 


THE ROBOTS ARE COMING is the bool 
about the robotic explosion: history— 
unions—economic and social benefit 
—impact on workforce—careers ‘engineer 
ing, maintenance, salesi—education an 
training—funding and information sources 
Send check or money order for $9.00 which 
includes postage». California residents ad 
6% sales tax. Send to: INTERFACE, Suit 
233A, 716 E. Valley Parkway. Escondido 
CA 92025. 


LOANS BY MAIL 


BORROW $100-$100,000! Instan! 
Reply! No Ci ers! Rush Stamped En 
velope' Financial, Box 1697 | PS), Richard 
Son, TX 75080. 


IMMEDIATE Loans to deserving individ 
uals refused elsewhere. Many plans in 
cluded. Try us! Associates. Box 98-P: 
Brooklyn. NY 11235. 


BORROW 3300-$30.000 Worry Fi 
Keep Indefinitely! Free Details! Writ 
American. 1601 Main, Plainfield, IN 46168 


BORROW $35.000 ghe Boy ps 
pose! Free Report. Success Research, Bo 
19739-FO. Indianapolis, 

LOANS By Mail Up to $50,000! No Ci 
signers! Confidential’ Bad Credit No Prol 
Jem! Instant Reply: KP Associates, Box 37: 
FLM. Woodmere, NY 11598, 

00 CREDIT Lin 


Free De 


$100,000. 
tails! Credit-PS. Box 2298, Sandusky, OF 
44870. 
HYPNOTISM 


FREE Hypnotism, Self-Hypnosis, Sleej 
Learning Catalog! Drawer P5400, Ruido: 
NM 88345, 


FREE Hypnotism. Sleep Learning Pub 
lication DLP. Box 487. Anaheim. CA 92705 
LOTTERIES 
WIN MILLIONS in Canadian lotteries 
Free details plus FREE TICKET 


Lucky Buck (PS), Box 171, Station 
Toronto. Canada M6M 422. 


WATERPROOF FUSE. Extreme high 
quality. Sample and wh price list 


$1.00. Unlimited. Box 1: Hermis- 
ton. OR 97838. 
BELOW Wholesale: Jewelry. Clothing. 


Closeouts Catalog $1.00. Torrow-Mac. Box 
3024-PS, Anderson. SC 


EMPLOYMENT INFORMATION 


OVERSEAS ...$25.000-$65.000 +. Free 
Report! Employment, Box 19760-FO, India- 
napolis, IN 46219 


CRUISESHIPS, Tugs Ships. Riverboats. 
Women, Men $15,000 $60,000 Work month 
Home month. Experience Unnecessary. 
US. plus 112 countries. Free report sase. 
Marine Employment. Box 223, Central, 
IN 47110. 


OVERSEAS U.S. JOBS AVAILABLE. 
Unlimited Opportunities. Write for ap- 
plication. Employers, Box 3239-A. Gulf 

shores, AL 36542 or call 20: 8-2500. 


our own resumes letters. Man- 
ual $5.00. Includes interviewing section. 
CLP, 7641 Clarewood, Suite 1330, Hous- 
ton, TX 77036. 


OVERSEAS OPPORTUNITIES HIGH 
Income. All skills. Free Report. Reliable Em- 
ployment, Box 2831, Harrisburg, PA 17105. 


WIN BIG BUCKSPlay Canadian Lot 
teries weekly. Informations Info-Servi 
P.O. Box 2. Hemmingford. P.Q. Canad: 
JOL-1HO. 


INVENTIONS WANTED 


EARN ROYALTIES, NUPRODUX 
NATIONAL, 1377 K 203, WASHI! 
DC 20005. 


INVENTORS! Confused? Need heli 
AIM for free information kit. To 
1-800-225-5800. 


ington, D.C. Gets Results! Best Reference: 
Free Kit - 1-800-257-7880. 


presentation to industry and exhibition al 
national innovation exposition. Call fre 
1-800-528-6050, Canada, 1-800-528-606 


HONGKONG factory needs several nev 
products for their overseas buyers, Sen 
product ideas for royalty evaluation. Cai 
produce exclusively. Hongkong Plasti 
Metal Products Company, Box 69627 
Kwuntong, Hongkong. 
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FREE information on offering your in- 
fention for sale. Kessler Sales Corporation. 
7-1W, Fremont. Ohio 43420. 


PERPETUAL MOTION INVENTIONS 
vanted. Call Douglas Stewart. collect. at 
17-465-9408. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free de- 
Licensed since 1958. Rainer Associ- 
2008 Fondulac, Richmond, VA 23229. 


NONPROFIT foundation helps inventors. 
ree recording forms. Free evaluation 
ffiliated Inventors Foundation, 501-A 
lowa, Colorado Springs, CO 80909 or Call 
oll free 1-800-525-5885, 


INVENTORS! Can you profit from your 
dea? Call today regarding the marketing 
f your invention, or write for your free in- 
formation package. Over a decade of serv- 


i, 82 Broad Street, Dept. PS, 1 
lassachusetts, 01086. 1-800-338-5656. In 
lassachusetts call (413) 568-3753. 


JOKES & NOVELTIES | 


TOBACCO, PIPES, CIGARS 


FREE Catalog! Things you never knew | 
existed! 1600 Novelties, Jokes, Tricks, Sci- 
ence. Hobbies. Sports. Johnson-Smith, 
C-1113. Mt. Clemens, MI 48043. 


MAGIC TRICKS 


FUN Catalog. $3.00 Trick, $1.00. Magic, 
Jokes. Abracadabra-C-419, Scotch Plain: 
NJ 07076-0544. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $6.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


TRADING ca: from movi: 
Science Fiction, TV, Horror, Spy 
and much more. Send $1.00 for catalog no. 
16. FTCC, Box 60904, Rochester, NY 14606. 


TREASURE FINDERS / 
METAL DETECTORS 


PROTECT YOUR INVENTIONS AND 
IEMARKS. Registered Patent Attor- 
ey, Robert Smith, 57 Pratt Street, Hart- 
ford, CT 06103. 


FIND old coins, jewelry, gold nugg 
New patented revolutionary device. Free 
catalog. Gardiner, 4729L N. 7th Ave., Phoe- 
nix, AZ 85013. 


INVENTORS: If you have an invention 
for sale or license, write for free booklet 
xplaining how we can help you, Kessler 

les Corp., C-7-FI, Freemont, OH 43420, 


ELECTRONIC PROTOTYPES your idea 
lesigned and manufactured at our facility: 
iterature - $1.00. Q.C.A., R & D Dept. Box 
449, Whittier, CA 90610. 


PERSONAL 


COLLEGE DEGREES, High School Di- 
lomas Authentic looking. Free Catalo 
jational Certificate, Dept. PS-115, 210 5t| 
wenue, New York, 10010, (718) 768-6803 
xt. 100 (24 Hrs.) 


FREE information, how to become a min- 
iter and establish a church. WCL, Box 26, 
loelton, TN 37080. 


‘SIMPLIFY preparation of your individ- 
ial income tax return. By C.PA., Box 718D, 
uthbury, CT 06488. 


MISCELLANEOUS 


VACUUM CLEANERS "| 
EW Rainbow $449.95, Kirby, Filter 
jueen, Compact, Details: ABC Vacuum 
Lim house, 6720 Burnet PS, Austin, Texas 


Discount Prices" 


CASES — CABINETS, in stock, for dis 
laying — protecting: collectibles, tools, in- 
truments, electronics — free literature, 

[AMCO, Box 337-P, Oquossoc, ME 04964 
'all 800-227-1415. 


SOLAR PARTICAL BEAM PROJECTOR 
ery high power plans $20.00. Rharris, 
(755 Kismet St., Miramar, FL 33023. 


BARGAINHUNTERS Quality Merchan- 
lise brochures and details write: The Law- 
lence Company, Box 278, Lyman, NE 69352. 


BUILD WEALTH! Simple/Easy with Gov- 
Irnment Confiscated Goods. Free literature. 
hep, 1800 S. Robertson #220VC Los An- 
les, CA 90035. 


THE Creative Habit. Discover the secrets 
creative minds. Booklet $7.00. London 
letters, Box 4243, Virginia Beach, VA 
3454. 


DETECTIVES 


DETECTIVE training home-study pro- 
‘am. Free Information. Global, Box 191PS, 
ianover, MA 02339. 


ELECTRONIC DEVICES, For SECUR- 
, COUNTERSURVEILLANCE, and PER- 
L PROTECTION. Giant sixty-four 
ge catalogue $1.00. HUNTERA, Box 12922, 
inston-Salem, NC 27117-2922. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 

fear, colors, For casting, embedding, coat- 
g, fiberglassing; in industry, laboratories, 

fait work. Reproduce your designs with 

ur mold materials. Catalog $2.00. Cast- 

ite, Dept. 86C/PS, Box 391, Woodstock, 
60098. 


Bags! All sizes. Free cata- 
pg, Action Plastie Sales. 1690-P94th Lane 
LË., Minneapolis, MN 55434. Toll-Free 
)0-328-8484. 


Pay For Your Hobby! 


With White's NEW 
Series 3 Metal Detectors 


Call Toll Free: 
1-800-547-6911 


De 


WHITE'S ELECTRONICS| 
pt. PB-4 Sweet Home, OR 97386, 


SONGWRITERS 
POEMS-SONGS WANTED. Free Pub- 


Box | 


lishing/ Promotions. Broadway Mus 
7438- Sarasota, FL 33578. 


IMPORT/EXPORT 


IMPORT Direct. 100 Countries. Whole 
sale Prices. Catalog $2.00. Golden, 186E 
Ring Rd., Dayton, NV 89403. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, | 
Catalog for instrument makers, repairers. | 
Imported tonewood, tools, varnishes, parts, | 
accessories, strings, cases. European instru- | 
ments, Bows. Assemble yourself violin and | 
guitar kits. Catalog $1.00 includes 10% dis- 
count certificate. Dept. LC, 4026 W. Bel- 
vedere Ave., Baltimore, Md 21215. 


GOOD EATING 


TEXAS CHILI RECIPES. 10 Recipes the 
Texas way. $3.00. Box 336, Hurst, TX 
76053. 


BETTER HEALTH 


NECK PAIN, BACK PAIN? 


Our Scientifcally-Designed Pillows & 
Cushions Have Brought Relief to Thousands. 
Money Back Guarantee. 


For Free Brochure Write: 


B + B ORTHO, PO. Box 520866 Dept. F 
Miami, FL 33152 


MAILING LISTS 


MAILORDER BUYERS LISTS available 
for IMMEDIATE USE! Computerized on 
Peel and Stick labels in ZIP CODE ORDER. 
GUARANTEED DELIVERABLE! For com- 

lete details SEND $1.00 to: The CONNEC- 

ION, P.O. Box 372, Ottawa, OH 45875. 


FREE Mailing List Consultation. Details. 
GOC-24U, Box 1107, Stuart, FL 33494. (305) 
334-5205. 1-800-554-5478. 


MAIL ORDER NAMES, computerized 
adhesived labels, ZIP CODE order FREE! 
200+ $3 P/H, Dorsey's Dept. PS-385, Box 
5352, Lakeworth, FL 33467. 


FOREIGN NEWSPAPERS 


WORLDWIDE English NEWSPAPERS 
65 Countries! Sampler: 4/$2.98. FREE Bro- 
chure. Multinewspapers, Box DE-33, Dana 
Point, CA 92629 


| Platinum. Mail Articles Today 


CIGARS BY MAIL - SINCE 1934 Do- 
mestic and Imported, Free Brochures, The 
House of Delmage, Inc., PO. Box 22706, 
Tampa, FL 3362: '06. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
y. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 757, 
Chicago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 6060: 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
e). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


KNIFEMAKING SUPPLIES 


MATERIALS FOR CUTLERY 
38 Page Catalog $2.00. Custom Knife- 
makers Supply, 308-PS, Emory, Texas 
75440. 


EARTHWORMS, CRICKETS 


FREE Literature. Raise Fishworms, 
Crickets. Red wigglers— 1000— $8.95, 
5000— $42.50. Carter Farm—12, Plains, 
GA 31780 


GREY NIGHTCRAWLERS— “Action 
F Free Literature—Telephone 
542—Fain's Farm—Edison, 


Binoculars, etc. Jaege! 
Lynbrook, NY 1 


Pins. Decals. Free Catalog/Quote: 
61R Jane, NY 10014. (212) 929-2293. 


EMBLEMS & BRASSARDS 


WHOLESALE PRICES — Factory Direct- 
Embroidered Emblems, Caps And Pins- 
m Catalog. Wiltex, Box 977-PS, Pater 
NJ 0750 


“Ideal Recrea: 

tional Guns that 

Sharpen your Shooting f^ 

Skills. *Inexpensive and {i 

Fun to shoot — Anyplace} hy 
Anytime, Ultra Accurate! 

*Over 40 Models & Varia: 

tions — with Full Lifetime 

Warranty. *High Quality 

RWS Pellets. *Complete 

selection of Accessories. 

For NEW 1988 “PRECISION PRODUCTS" 


DYNAMIT NOBEL OF AMERICA INC. 
105 Stonehurst Court, Dept. PS, Northvale, NJ 07647 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, 
IL 61104. Call 1/800/323-1212 Toll Free. 


GIANT SAVINGS Custom In-The-Ear 
Specialists. 30 Day Trial Terms. Riteway, 
Box 594518, Chicago, IL 60659. 


SAVE $200 +. Modern name brand aids 
improve understanding. No Salesmen. Free 
Trial. Free Catalog. J&M Aids, Dept. 69-M, 
329 Third, DeKalb, IL 60115. 


Q HEARING AIDS 
PRICE CATALOG FREE 


Wl SUPER SAVINGS! Newest. Finest, All 
I pees, Buy DIRECT & save up to HALF! 

salesmen. Sold by AIR MAIL on HOME 
V TRIAL. FREE Catalog. Write: 


I MONEYSAVERS, 
Dept. PS3D. 9530 Langdon Ave., 
M Sepulveda, Cal. 91343 


ENJOY HEARING 


All-in-the-ear Hearing Aid! Nothing 
over, under or behind the ear . . 

‘no cords, tubes or wires. Simple 
slip-in fit. Full range volume control. 
45 day trial. NO salesman will call. 
Order your free catalog! Write Better 
Hearing today! 


or call 24 hrs./day 
1-800-824-7888 
ask for Operator No. 372 
BETTER HEARING 
Box 569-69H Brookport, IL 62910 


CAMPING EQUIPMENT 
FREE Discount Catalog, Backpacking, 
Camping, Campmor, Box 999-5P, Paramus, 
NJ 07653-0999. 


SPORTING GOODS 


ing and archery accessories 
Dept. PS 5572 Brecksville Rd., 
Ohio 44131. 


fhang an al around 
use Miror polished, 


LLFI 


REE-24 hrs: 
'919-0pr. 720 "ig 
eig ded 


aluminum, 


pay ique 

bulle! Rills varmints, 2 Well replace! 

. thrilling sport! Astound friends! Compressed Q 

amazing power! Pierces '2" plywood! Rugged 38 cal, S Provo, Utah 84603. 
steel darts, carry case, instructions Lpiece models 


in 
SAME 


not de: 


Ed 


iC. Box 794. P^ 
Sendcash, 
( check: Visa MC, Buy 17,5 
onh S14 E 


FAPON 
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Product Information 


Booklets, catalogs, and folders listed below provide reliable information, illustrations, and specifications to help you in planning the purchase 
of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling fee. 


301 Household Inventory Record A packet 
from Allstate Information Center provides a 
handy room-by-room inventory record for your 
personal property. The package includes tips 
on identifying lost or stolen property and pro- 
vides a place to record where important pa- 
pers are kept. Free 


302  Personal-Computer Tips — In its de- 
tailed color brochure, CompuServe, America's 
largest information service for personal- 
computer users, tells how to obtain access to 
its vast data banks for reference material, 
news wires, financial and travel information, 
electronic mail, games, and lots more. Free 


303 Concrete and Masonry Repair A 
15-page booklet from W. R. Bonsal Co. de- 
tails its line of Sure-Fix concrete and masonry 
repair products. The booklet covers problem 
areas such as patching, resurfacing, anchor- 
ing, grouting, sealing, and much more. Free 


304 Wood Machinery Delta's 44-page full- 
color catalog lists its wood- and metal-working 
machinery for the do-it-yourselfer and pro 
craftsman. It includes specifications and a 
list of dealers and service centers. $1 


305 Hobbyist Catalog A 60-page color 
catalog from Edmund Scientific features tele- 
Scopes with which you can view Halley's 
Comet, plus many hard-to-find and fascinat- 
ing products for the gadgeteer and educator. 
Free 


306 Personal-Care Showers Turn your 
bathroom into a spa. A full-color brochure from 
Interbath shows you how with a system that 
bubbles, tingles, pulsates, and adjusts to any 
height. The system also carries water- and 
energy-saving features. 50¢ 


307 Digital Thermostats A color brochure 
from Jade Controls describes the uses and 
benefits of the lowest-priced setback thermo- 
stat on the market. The J3000 allows multi- 
ple setbacks during any 24-hour period. Free 


308 Unusual Items Johnson Smith's fun- 
filled catalog, where the unusual is the usual, 
offers 1,000 hard-to-find novelties, hobby and 
sports equipment, jokes, tricks, scientific and 
electronic items, and much more. Free 


309 Camper's Guide A 124-page direc- 
tory from Kampgrounds of America lists KOA 
North American campgrounds. It comes com- 
plete with full-page, full-color travel maps. 
$2 


310 Home Craftsman Makita U.S.A of- 
fers a 24-page full-color catalog on its new 
Home T.E.C.H. line, made especially for the 
home craftsman. The catalog provides com- 
plete information on the entire line, along with 
available accessories, practical applications, 
and suggested retail prices. Free 


311 Terrace Doors A new brochure from 
Marvin Windows provides information on 
energy-saving features plus a variety of op- 
tions and sizes for terrace doors. Color pho- 
tographs show traditional, contemporary, and 
French styles. Free 


312 Mercury Outboards Mercury Marine's 
new brochure describes the all-new smoothest- 
ever 8- and 9.9-hp fishing outboards, with 
full gear shift and tilt in the handle. The coun- 
try's most popular bass outboard, the XR2, 
has been joined by a new 135-hp V6. Free 


313 North Carolina Vacation The travel 
package from the North Carolina Department 
of Travel gives information on where to go, 
where to stay, and what to do on a vacation 
in North Carolina. Free 


314 Window Technology An eight-page 
pictorial from PPG Industries details the heat- 
saving benefits of “The Intelligent Window," 
made with Sungate coated glass. The brochure 
also gives data about degree-days to help you 
decide how much energy is needed to heat 
and cool your home. Free 


315 Satellite TV Buyer's Guide A 24-page 
buyer's guide from Satman gives details about 
free 100-channel satellite TV and how to shop 
for an earth station. It lists the lowest prices 
on equipment and tells how to install your 
own earth station quickly and easily. Free 


316 Yard Equipment This color brochure 
from Snapper Power Equipment describes its 
durable, versatile line of walking and riding 
mowers, lawn and garden tractors, front- and 
rear-tine tillers, snow throwers, and attach- 
ments. The company's two-year warranty is 
also outlined in the brochure. Free 


317 Visitor's Guide A 64-page full-color 
catalog from the South Carolina Division of 
Tourism features the state's historic cities, un- 
crowded beaches, world-famous gardens, blue 
lakes, green mountains, and graceful planta- 
tions. Great dining spots and shopping loca- 
tions are also included. Free 


318 Carpenter's Package An information 
packet from the Total Shop describes its com- 
plete carpentry package, which contains the 
five most-needed tools as well as the acces- 
sories to help you do the job right. Other spe- 
cialized woodworking tools are featured, in- 
cluding a six-in-one power tool that is capa- 
ble of sanding, drilling, and more. Free 


319 Quality Cigars Get better cigars at 
better prices. Literature from Thompson Cigar 
Co. lists more than 100 different custom- 
made, factory-fresh cigars, which come di- 
rectly from Tampa, Fla., the nation's fine-cigar 
capital. Free 


320 Music for Your Home — Wersi's new 
55-page catalog features the latest inventions 
in music technology that let you build, up- 
date, and expand your equipment, and even 
hook up a home computer to help you play 
your own music. The company offers a toll- 
free number to provide you with complete de- 
tails on a product, including final prices. Free 


ptem n nnne mnmamenFILL IN COUPON AND MAIL TODAY = = a mn mm m mm mm mm mm mmm m e am a m 


POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 
Note: Poputan Science Massachusetts address is for Product Information only. 
Please send the items checked below. | am enclosing $1 handling charge (any (any 


number of items) plus amount required for priced items. Orders wil 
processed unless accompanied by the $1 handling fee. 


o 301 o 305 o 309 $2 o 313 o 317 $— or priced items 

o 302 O 30650¢ 1310 o 314 D 318 1 

D 303 o 307 nan 0 315 o 319 Pe p 

1) 304 $1 o 308 o 312 3 316 D 320 $. . . TOTAL REMITTANCE 
Name (please print) Phone (area code) 

Address City & State Zip 
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THIS COUPON EXPIRES MAY 31, 1986 


1 AM ENCLOSING 


Please send cash, check, or money order made out to PoPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks’ delivery. 


POPULAR SCIENCE MARCH 1986 


"There's a new truck 


on the road 


ad doesn't happen very often. 


_ Anew Jeep pickup. When 


your name is legendary, you 


_ take the time to be certain 

. that the legend lives on. 
We're quite certain 
about Comanche. 


2WD/4WD. 
Comanche is available as 
a 2-wheel drive or 4-wheel 
drive model with a choice 
of two "shift-on-the-fly" 
4WD systems. 


Suspension. 
Comanche's 
exclusive 
Quadra-Link 
suspension, 
dual-action 
shock absorb- 

V ers, and stan- 
dard 15-inch all-weather 
radials are specially 
tuned for exceptional ride 
and handling. 


Power. 

Comanche comes with 
either a 2.5 litre electronic 
fuel-injected four, an 
optional 2.8 litre V-6, or 
an optional 2.1 litre inter- 
cooled turbo-diesel. : 


It: 


Interior. 


Comanches interior is 


every bit as sporty, stylish, 


and contemporary as 


called 
- [ts 


payload, base engine 
horsepower, 4WD systems, 
wheels and tires...the list 
goes on and on. 


che. 


The Bottom Line. 
You'll find the new 
t 2WD Jeep Comanche 
priced less than 


Ford Ranger, and 
e Chevy S-10* 
* Youllalso find 


N 


A 


the rest ofthe truck. Many 
find it hard to believe it 
was designed fora pickup. 


The Exclusives. 
Jeep Comanche was 
built to be the best in its 
class. In optional 4WD 


something in 
Comanche you won't find 
in any other pickup. 
The Jeep Legend. 


Its 
worth a 
look. 


Only in a Jeep” I 


Safety belts save lives. 


1986 Four Wheeler of the Year 


© Philip Morris Inc. 1985 


Kings & 1008 


Also available in Menthol. 


Mfr's. suggested pricing : 7 
for the price of 20. 


based on full-price brands. 


SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


Kings: 10 mg "tar; 0.8 mg nicotine 
100's: 12 mg "'tar;' 0.9 mg nicotine av. per cigarette by FTC method. 


